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I SECTION 02200 - EARTHWORK 

1. Part1 General 

Note In drawings and specifications, "Contractor" refers to RMRS and "Subcontractor" refers 
to bidder 

1 I Summary 

I 1 1 1 Section includes cleanng and grubbing, excavation, trenching, bedding, backfilling, 

compaction, and grading associated with the sitework and other work required for this 

project 

1 1 2 Excavation occurs within wetland area 

Subcontractor and shall be confined to "Extent of construction" zone as marked on plans 

Damage to wetlands shall be minimlzed by 

1 2 Related Secrlons 

1 2 1 Section 01300 - Submittals (see Contract Document) 

1 2 2 Section 01700 - Construction Safety Requirements (see Contract Document) 

1 2 3 

1 2 4 

Section 02935 - Riprap 

Section 02970 - Drain Rock 

1 2 5 Section 13215 - Piping 

1 3  References 

The latest issues of the following publications form a part of this specification 

1 3 1 ASTM C136, Sieve Analysis of Fine and Coarse Aggregates 

1 3 2 ASTM 01556, Density of Soil in Place by the Sand-Cone Method 

1 3 3 ASTM 01557, Moisture-Density Relations of Soils and Soil-Aggregate Mixture Using 10-lb 

(4 54 kg) Rammer and 18-in (457 mrn) Drop 

1 3 4 ASTM 02487 Classtficatlon of Soils for Engineering Purposes 

t~usio~iz~pcucci aoc 02200 - 1 
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1 3 5 ASTM D2922, Density of Soil-Aggregate In-Place by Nuclear Method (Shallow Depth) 

1 3 6 ASTM 03017, Determination of Moisture Content in Soils by Nuclear Method 

1 3 7 ASTM D4318, Standard Test Method for Liquid Limit, Plastic Limit, and Plasticity index of 

soils 

1 3 8 ASTM El 1, Specification for Wire-Cloth Sieves for Testing Purposes 

1 4  Submittals 

1 4 1 Comply with ‘Section 01 300 - Submittals “ (see Contract Document) 

1 4 2 Initial test reports to be submitted by the Subcontractor for approval of the material prior to 

use, or for imported matenals, pnor to shipment of the material to the site 

1 4 2 1 Granular Matenal for Pipe Bedding 

Sand Sieve Analysis 
, 

Pipe bedding in trenches shall be a well-graded sand with 100% passing a 
4-mesh sieve and 100% retained on a 200-mesh sieve, when tested in 

accordance with ASTM C136 Sieve sizes shall conform to ASTM El 1 

- Submit initial test results indicating compliance to these requirements 
prior to shipment of the material to the site 

Moisture-Density Relationships 

The Subcontractor shall submit laboratory test results for the moisture- 

density relationships for the sand (pipe bedding) and import suitable fill 

material (if used) These will provide the Contractor with the maximum 
density and the optimum moisture content for the respective materials to 
be used in the work 

0 PeaGravel 

Pea gravel of 3/8-inch diameter may be substituted for sand with approval 

of Contractor 

02200 - 2 912w95 
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1 4 2 2 Suitable Fill Material 

Plasticity Index 

At locations where backfill must be placed over piping or under structures, 
fill matenal shall be nonexpansive soils (Plasticity Index equal to or less 
than 12 percent when tested in accordance with ASTM D4318) 

- Submit test results for Plasticity Index for this fill material to be used at 
these locations (at or under structures or paved areas), indicating 
compliance to these requirements 

- Note that this suitable fill material may be imported or material 
excavated from the site trenching/excavations if it meets the specified 
requirements 

0 Moisture-Density Relationships same as 1 4 2 1 

1 4 3 Proposed excavation, stockpiling, and regrading staging plan describing handling and 

transport of on-site and off-site materials 

) 2 part2 Materials 
I 

2 7 Excavafed Marenal 

2 1 1 Earth and other materials that can be removed with commercially available excavating 

equipment Any rock that cannot be removed as described above or other unsuitable 

material or unacceptable soil encountered shall be removed and disposed at the existing 

adjacent landfill 

I 

2 2 fJ// Material 

2 2 1 Fill material shall be imported or available on-site soil borrow free from deleterious 

materials described below under 'Unsuitable Materials " The maximum particle size shall 

be one-and one-half (1H) inches in any direction Acceptable soils are those meeting the 

requirements of ASTM 02487 for SP-SM, SM,  SC, or ML The use of CL or similar 

materials will require the approval of the Contractor 

2 2 2 Unsuitable Materials include all soil materials that contain waste debris, roots organic 

matter, frozen matter, stone or rock with any dimension greater than 6 inches, or other 

materials that are determined by the Contractor's representative to be unsuitable for 

02200 - 3 9no195 
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stable, compacted backfill purposes Unsuitable material shall be removed and disposed 

at the adjacent landfill 

, 

2 3 Equipment 

2 3 1 All equipment and tools used in the performance of the work will be subject to approval by 

Contractor's Site Safety Division before the work is started and shall be maintained in 

satisfactory working condition at all times 

2 3 2 The equipment shall be adequate and shall have the capability of producing the indicated 

compaction requirements and other quality requirements specified herein 

3 Part3 Execution 

3 7 Preparation 

3 1 1 Verify all lines, limits, and grades shown on the drawings prior to beginning construction 

activities 

3 1 2 Prior to starting any soil disturbance, excavations. backfilling, or other operations, an 

approved Integrated Work Control Program (IWCP) package shall be obtained from the 

Contractor The IWCP package will include an approved soil disturbance plan that 

contains the information necessary to guide the safe execution of excavation/soil 

disturbances at the Rocky Flats Environmental Technology Site 

3 1 3 Do not divert, remove, or pump any groundwater or water from any trench, manhole, or 

ditch without approval from the Contractor All water dewatered from excavation and 
trenching activities shall be pumped to the OU 7 pond upon approval 

3 1 4 All streets, roads, grading, structures, utilities, and other improvements not specifically 

designated to be cleared, removed, stripped. or altered as a part of the work shall be 

protected from damage throughout the construction period Any damage caused by the 

Construction Subcontractor, his employees, agents, or any lower-tiered Subcontractors 

shall be immediately repaired to original condition at no additional cost to the Contractor 

3 1 5 Traffic Control 

IDQS 1061 2uoccscc 1 aoc II 02200 - 4 9/20/95 
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The Construction Subcontractor shall provide all necessary barricades, signs, 

signals, etc , for the protection of the workers and the public, as established by 

the Occupational Safety and Health Administration (OSHA) Construction Safety 

and Health Regulation 29 CFR, Part 1926, Subpart G - Signs, Signals and 

Barricades, and in Subpart P - Excavations, Trenching and Shoring 

3 1 5 1 

3 1 6 Existing Utilities 

3161 

3162 

3163 

3164 

31 65 

3166 

Known existing utilities will be indicated in the IWCP and on the drawings The 

Construction Subcontractor shall hand excavate within 6 feet (or as directed by 

the Contractor) of areas where existing utilities are indicated 

Actual locations of all existing utilities within the excavation area shall be 

located by the Construction Subcontractor by hand excavation 

After the actual locations and routing of the existing utilities have been found to 

be accurately determinable through hand excavation, and after approval from 

the Contractor's construction representative, the Construction Subcontractor 

may begin excavation using machinery in a manner acceptable to the 

Contractor 

After excavation by machinery has begun with the approval of the Contractor, 

the Construction Subcontractor continues to be fully responsible for all utilities 

that were found through hand excavation and/or that were indicated on the 

drawings and IWCP excavation permit 

Any existing utility in the IWCP and on the drawing that is damaged by the 

Construction Subcontractor shall be immediately repaired in a manner 

acceptable to the Contractor and at no additional cost to the Contractor 

If excavation will be within 10 feet of any existing electrical utility, IockouVtagout 

procedures are required The Construction Subcontractor shall provide 48- 

hour prior notice to the Contractor so that the Contractor can arrange for and 

perform these IockoutAagout procedures 

02200 - 5 9/20/95 
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Notify the Contractor immediately if any existing utilities that were not indicated 

are encountered dunng excavation 

3 1 6 7 

3 1 6 8 Obtain approval from the Contractor before backfilling existing utilities Utility 

warning tape (provided by the Contractor) shall be placed 12 inches above 

existing utilities 

3 1 7 All excavations, trenching, and shoring shall comply with the rules and regulatlbns as 

established by OSHA Construction Safety and Health Regulations 29 CFR, Part 1926, 

Subpart PI Excavation, Trenching and Shoring and shall comply with the Rocky Flats 

Health and Safety Practices (HSP) Manual, Section HSP-12 08 OSHA Pamphlet 2226, 

Excavation and Trenching Operations, can be used as an additional aid Subcontractor 

shall comply with OSHA 29 CFR 1910 146, confined space entries, Rocky Flats, H&S 
Manual Section 6 04 

3 1 8 In excavations and trenches, proper allowances shall be made for pipe installation, 

formwork, concrete work, shoring, inspection, and any other work required in the 

excavation Bottoms of excavations and trenches shall be level, clean, and clear of loose 

matenals, trash, and debris 

3 1 9 Protect bottoms of all excavations from free-standing water and frost All soils in 

excavations or where fills will be placed shall be protected from movement or other 

damage due to frost penetration Soil backfill, insulation, heat, or other acceptable 

methods shall be used to protect soils during periods of the year in which frost penetration 

is possible 

3 1 10 Trenching for Underground Utilities 

3 1 10 1 General 

3 1 10 1 1 All trench excavations shall be made by open cut to the lines and 

grades as shown on the drawings, within the tolerances specified, 

through whatever rnatenal is encountered 

3 1 10 1 2 Trench excavations shall not advance more than 50 feet ahead of 

pipe laying and backfilling operations 
- 

02200 - 6 9120195 
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3 1 10 1 3 All suitable material generated from excavation and trenching 

operations shall be used for backfilling as specified herein Material 

that is deemed unsuitable for backfill shall be disposed of by the 

Construction Subcontractor in the adjacent landfill 

3 1 10 1 4  At the conclusion of each day's work, all trenches shall be either 

backfilled, barricaded, or adequately fenced and protected such that 

injunes to pedestrians, motorists, and wildlife would not be possible 

3 1 10 1 5 Install Contractor-furnished utility warning tape 12 inches above any 

existing underground utilities exposed during the work 

3 1 10 2 Trench Width 

3 1 10 2 1 Trenches shall be excavated to the width necessary to permit the 

pipe to be laid and jointed properly and the backfill placed as 

specified 

3 1 10 3 Trench Depth 

3 1 10 3 1 When the excavation IS in firm earth, care shall be taken to avoid 

excavation below the established grade 

3 1 10 4 Trench Bottom 

3 1 10 4 1 Protect and maintain when suitable natural materials are 

encountered Remove rock fragments and materials disturbed 

during excavation or raveled from trench walls 

3 1 10 4 2 Unstable Trench Conditions When soft or otherwise unstable 

foundation material is encountered in the bottom of the trench, it 

shall be removed and replaced with fi l l  material described in this 

specification A trench bottom that is wet will not be considered 

evidence that the trench bottom is unstable 

02200 - 7 9/20!95 
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3 2 Drainage 

3 2 1 Excavation and site grading shall be performed in such a manner that the area of the site 

and the area immediately surrounding the site will be continually and effectively drained 

by gravity or by temporary pumps 

3 2 2 Water shall not be permitted to accumulate in the excavation or adjacent to structure 

foundations 

3 2 3 The excavation shall be drained by methods that will prevent wetting of the foundation 

bottom, undercutting of footings, or other conditions detrimental to proper construction 

procedures 

3 2 4 The excavation shall be kept dry during digging, subgrade preparation, and continually 

thereafter until the structure to be built or installed is completed to the extent that all 

footings and foundation walls have been placed and foundation trenches are backfilled 

and no damage from hydrostatic pressure, flotation, or other causes will result 

3 3 Cleanng and Grubbing 

Note 
Subcontractor and shall be confined to “Extent of construction” zone as marked on plans 

Excavation occurs within wetland area Damage to wetlands shall be minimized by 

3 3  1 Cleanng 

3 3 1 1 Clearing shall consist of satisfactory disposal of vegetation designated for 

removal, including snags, brush, and rubbish occurring in the areas to be 

cleared and grubbed for the work 

3 3 1 2 Roots, brush, and other vegetation in areas to be cleared for the work shall be 

cut off flush with or below the onginal ground surface 

3 3 2 Grubbing 

3 3 2 1 Grubbing shall consist of the removal and disposal of brush and matted roots 

from the areas required to be cleared and grubbed for the work 

02200 - 8 9ROmS 
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Material not suitable for foundation purposes shall be removed to a depth of 

not less than 18 inches below the original ground surface in areas designated 

as construction areas under the project, such as areas for buildings and areas 

to be paved 

3 3 2 2 

3 32 3 Depressions made by grubbing shall be filled with suitable material and 

compacted to make the surface conform with the required surface elevation for 

the work 

3 3 3 Roots, brush, rotten wood, and other refuse from the clearing and grubbing operations 

shall be disposed of by the Construction Subcontractor in accordance with paragraph 

entitled “Disposal of Debns and Excess Material 

3 4 Overexcavation 

3 4 1 All unstable materials encountered below the established elevation of the excavation that 

will not provide a firm foundation for subsequent work shall be removed and disposed of 

or placed in the landfill 

3 4 2 Excavations performed below the depths indicated or required, unless directed by the 

Contractor, shall be returned to the proper elevation in accordance with the procedure 

specified herein for backfilling at no additional cost to the Contractor 

3 4 3 Excavation under concrete vault and steel tank shall be 6 inches below specified bottom 

of structure or to weathered bedrock, whichever is lower I f  weathered bedrock is not 

encountered 3 feet below specified bottom of structure, excavation may terminate at that 

elevation upon approval of Contractor 

3 5 Backfilling 

3 5 1 Concrete vault and steel tank shall be set on a minimum of 6 inches of compacted 

strutural fi l l  See Section 3 4 3 above regarding depth of excavation 

3 5 2 All suitable material removed from excavations shall be used in the backfilling of the 

excavations prior to bringing in import suitable fill material No excavated material shall 

tre wasted without approval of the Contractor 

02200 - 9 
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Prior to backfilling, clean excavations of all trash and debris, and compact the trench or 

excavation subgrade to the requirements indicated below in paragraph entitled 

"Compaction " 

3 5 3 

3 5 3 1 The existing grade or subgrade to receive fill shall be scarified to a minimum 

depth of 6 inches before the fill IS started, such that the subgrade will be 

compacted (and moistened or dried, if necessary) to meet the densityhoisture 

requirements indicated below 

3 5 4 Backfilling shall not begin until construction below finish grade has been approved, unless 

othewise noted herein 

3 5 5 Fill shall be placed in horizontal layers not to exceed 10-inch compacted thickness and 

shall have a moisture content as specified herein such that the required degree of 

compaction may be obtained Each layer shall be compacted by hand or machine 

tampers or by other suitable equipment compaction and testing requirements shall be in 

accordance with the requirements indicated below \ 

3 5 6 Backfill around concrete vault and steel tanks shall occur in even lifts around the entire 

perimeter of the structure 

3 5 7 If the Construction Subcontractor cannot attain the compaction densities required below 

using 1 O-inch-thick compacted lifts, then the Construction Subcontractor shall reduce the 

required compaction lift thickness to 6 inches This reduction in lift thickness shall be 

done at no additional cost to the Contractor 

3 5 8 Placing Fill Material 

3 5 8 1 Completed fill shall correspond to the proposed grades/elevations 

3 5 8 2 Place fill materials in successive layers of loose materials not more than 13 

inches deep to achieve the specified 10-inch maximum compacted lift 

thickness Note that if the compacted lift thickness must be reduced as 

described above, the loose layer thickness shall not exceed 8 inches 

3 5 8 3 Uniformly spread each layer using approved devices and machinery 

02200 - 10 9'20195 
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Fill matenals shall be moistened (or dried) and thoroughly mixed as necessary 

to attain the moisture content indicated in paragraph entitled "Compaction " 

3 5 8 4 

3 5 8 5 Compact each layer of fill thoroughly using the appropriate compaction 

equipment Compact each layer to the requirements indicated below 

3 5 8 6 Heavy equipment for spreading and compacting backfill shall not be operated 

closer to concrete vault or steel tank than a distance equal to the height of 

backfill above the bottom of the structure, the area remaining shall be 

compacted by power-driven hand/walk-behmd tampers, compactors, or roller 

suitable for the matenal being compacted 

3 5 8 7 Backfill shall be placed carefully around pipes to avoid damage to pipes 

3 6 Compaction 

3 6 1 All soil materials, including sand bedding and suitable fill material, shall be compacted 

and tested to the requirements indicated herein 

3 6 2 Hydraulic compactors attached to the backhoe boom shall not be used to compact the 

pipe bedding, since this could damage the pipe Vibratory plate compactors or other 

suitable compaction equipment shall be used for the pipe bedding 

3 6 3 Except as otherwise specified, moisture/density relationships shall be as determined by 

American Society for Testing and Materials (ASTM D1557) and the degree of field 

compaction shall be controlled with ASTM 01556 or ASTM 02922 and moisture content 

shall be controlled using ASTM D3017 All tests will be performed by the Subcontractor 

or the Subontractots designated representative 

3 6 3 1 Compaction of 90% of maximum density will be required for pipe bedding 

pea gravel is used, quality control testing would not be required 

If 

3 6 3 2 Compaction of 90% of maximum density will be required under all structures, 

except as noted above for the pipe bedding 

3 6 3 3 A minimum of one field compaction densityhnoisture test shall be required 

under each of the two tanks for each lift 

02200 - 11 9l7oms 
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I 3 6 4 Moisture Content 

3 6 4 1 In areas where backfill is placed, the material, except as noted below, shall be 

moistened (or dned, if too wet) and thoroughly mixed to attain a moisture 

content between 2% below and 4% above optimum moisture when compacted 

3 6 4 1 1 The sand used for pipe bedding shall be exempt from these 

moisture content range requirements, but should have a moisture 

content necessary to attain the indicated compaction density 

requirements 

3 6 5 The Construction Subcontractor shall submit laboratory test results for the 

moisture/density relationships for the sand (pipe bedding), and import suitable fill material 

(if used) These will provide the maximum density and the optimum moisture content for 

the respective materials to be used in the work 

3 6 6 The Contractor will pay for any test for soil cornpaction or moisture content that meets the 

requirements for the specifications The Construction Subcontractor shall pay for any soil 

tests that indicate the soil compaction andor moisture content does not meet 

requirements of the specifications 

3 7 Reconditioning of Subgrades 

3 7 1 Approved compacted subgrades that are disturbed by the Construction Subcontractor’s 

subsequent operations or adverse weather shall be scarified and compacted as specified 

herein to the required density and moisture limits pnor to further construction thereon 

3 7 2 Any rework due to the above actions shall be performed at no additional cost to the 

Contractor 

3 8 Disposal of Debris and Excess Matenal 

3 8 1 Rubble, debris, and material from trenching operations that is not suitable for fdl shall be 

disposed of in the existing adjacent landfill 

3 8 2 Excess material from excavation, unsuitable for or not required for backfilling, shall be 

wasted, spread, and leveled or graded as directed by the Contractor 

02200 - 12 920’95 
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SECTION 02935 - RIPRAP 

1 Part1 General 

1 1 Descnption 

The work of this section consists of furnishing and placing stone riprap for the surface water 

diversion berm around the seep collection system 

2 Part2 Materials 

2 7 Hand Laid Riprap 

Shall be well-graded angular quarry stones, sound and hard, of durability to withstand exposure to 

water and weathering 

22  Riprapsize 

The design stone size is the dso median stone diameter, which is defined as the stone size that 

50% of the mixture by weight is larger than The median stone diameter, dSo, shall equal 4 inches 

unless otherwise specified on the plans Diameter of the largest stone shall be 1 5 times the 

design stone, dso 

\ 

2 3 Riprap Thickness 

Riprap layer shall be a minimum of 1 5 times the dso stone size 

3 Part3 Execution 

3 7 Riprap Placement 

Rocks shall be laid by hand Placing of rocks by dumping will not be permitted 

Local surface irregutarities of the slope protection shall not vary from the planned slope by more 
than one foot measured at right angles to the slope 

02935 - 1 
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SECTION 02970 - DRAIN ROCK, PVC LINER, AND FILTER FABRIC 

1. Part 1 Genera I 

1 I Description 

The work under this section consists of furnishing and installing drain rock, PVC liner and filter 
fabric for the seep collection system 

12 Submittals 

In accordance with Section 01 300 (see Contract Documents) 

2 Part2 Material 

2 1 Drain Rock 

A Source The source of drain rock shall be from an approved off-site borrow area 

6 Size and Permeability The drain rock shall be subangular to rounded washed gravel meeting 

the following gradation requirements 

Sieve Size 
1 in 

3 ?  in 
310 in 
No 4 
No 40 

o/o Passinq 
100 

80 - 100 
10 - 30 
0 - 4  
0 - 1  

C Testing Test frequency of drain rock shall conform to the following 

Particle Size ASTM D 422 1 test for the drain rock used 

at the seep collection facllity 

02970 - 1 
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2 2 PVC Liner 

PVC liner shall be 40 mil thick PVC pipe boot shall be job constructed as described on the plans 
using 40 mil PVC and PVC adhesive designed for flexible liner or alternatively may be 
manufactured by vendor 

2 3 Filter Fabnc 

Filter fabric shall be polypropylene nonwoven needle-punched fabric, 8 ounce weight 

3 Part3 Execution 

3 1 Drain Rock Placement 

A The drain rock shall be placed as shown on the drawings 

B Dumping of material onto drainage pipe installations will not be permitted Spreading of 

material shall be done with care to minimize folds in the liner and to ensure that damage to 

drain pipe will not occur 

C Drain rock materials may be placed in one continuous lift unless directed otherwise by the 

Contractor No compaction is required for the drain rock layer 

3 2 PVC Liner Placement 

PVC liner shall be installed as shown on the plans and in accordance with the manufacturer’s 
instructions Seams shall be made with PVC adhesive for flexible PVC liner 

3 3 Filter Fabric 

Filter fabric shall be installed as shown on the plans and in accordance with manufacturer’s 
instructions 
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SECTION 03100 - CONCRETE FORMWORK 

j 1 Part1 General 

1 1 Section Includes 

1 1 1 Formwork for cast-in-place concrete, with shonng, bracing, and anchorage 

1 1 2 Openingsfor other work 

1 1 3  Form accessories 

1 1 4 Formstnpping 

12  References 

1 2 1 ACI 347 - Recommended Practice for Concrete Formwork 

1 2 2 PS-1 - Construction and Industrial Plywood 

1 2 3 ACI 301 - Structural Concrete for Buildings 

1 3 Design Requirements 

1 3 1 Design, engineer, and construct formwork, shoring, and bracing to conform to ACI code 

requirements, resultant concrete to conform to required shape, line, and dimension 

1 4 Quality Assurance 

1 4 1 Perform work in accordance with ACI 347 

I 5 Regulatory Requirements 

1 5 1 Conform to applicable code for design, fabrication, erection, and removal of formwork 

7 6 Coordrnation 

1 6 1 Coordinate this section with other sections of work that require attachment of components 

to formwork 
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1 6 2 If formwork is placed after reinforcement resulting in insufficient concrete cover over 

reinforcement, request instructions from Contractor before proceeding 

2 Part2 Products 

2 1 Wood Form Materials 

2 1 1 Form Materials At the discretion of the Contractor 

2 2 Prefabncated forms 

2 2 1 Preformed Steel Forms Minimum 16 gage matched, tight fitting, stiffened to support 

weight of concrete without deflection, detrimental to tolerances and appearance of 

finished surfaces 

2 2 2 Glass Fiber Fabric Reinforced Plastic Forms Matched, tight fitting, stiffened to support 

weight of concrete without deflection detrimental to tolerances and appearance of finished 

concrete surfaces 

2 3 Formwork Accessories 

2 3 1 Form Release Agent Colorless mineral oil that will not stain concrete, absorb moisture, 

or impair natural bonding or color characteristics of coating intended for use on concrete 

2 3 2 Corners Chamfered, wood strip type, 3/-by-3h-in~h size, maximum possible lengths 

2 3 3 Nails, Spikes, Lag Bolts, Through Bolts, Anchorages 

strength and character to maintain formwork in place while placing concrete 

Sized as required, of sufficient 

3 Part3 Execution 

3 7 Examination 

3 1 I Verify lines, levels, and centers before proceeding with formwork Ensure that 

dimensions agree with drawings 
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32 Earth Forms 

3 2 1 Earth forms are not permitted 

3 3 Erection - formwork 

3 3 1 Erect formwork, shoring, and bracing to achieve design requirements, in accordance with 

requirements of ACI 301 

3 3 2 Provide bracing to ensure stability of formwork Shore or strengthen formwork subject to 

overstressing by construction loads 

3 3 3 Arrange and assemble formwork to permit dismantling and stripping 

concrete during stripping Permd removal of remaining principal shores 

Bo not damage 

3 3 4 Align joints and make watertight Keep form joints to a minimum 

3 3 5 Obtain approval before framing openings in structural members that are not indicated on 

drawings 

3 3 6 Provide chamfer strips on external comers of foundation walls 

3 4 Application - Form Release Agent 

3 4 1 Apply form release agent on formwork in accordance with manufacturer's 

recommendations 

3 4 2 Apply pnor to placement of reinforcing steel, anchoring devices, and embedded items 

3 4 3 Do not apply form release agent where concrete surfaces will receive special finishes that 

are affected by agent Soak inside surfaces of untreated forms with clean water Keep 

surfaces coated pnor to placement of concrete 

3 5 Inserts, Embedded Parts, and Openings 

3 5 1 Provide formed openings where required for items to be embedded in or passing through 

concrete work 
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3 5 2 Locate and set tn place items that will be cast directly into concrete 

3 5 3 Coordinate work of other sections in forming and placing openings, slots, reglets, 

recesses, chases, sleeves, bolts, anchors, and other inserts 

3 5 4 Install accessories in accordance with manufacturer’s instructions, straight, level, and 

plumb Ensure items are not disturbed during concrete placement 

3 5 5 Provide temporary ports or openings in formwork where required to facilitate cleaning and 

inspection Locate openings at bottom of forms to allow flushing water to drain 

3 5 6 Close temporary openings with tight fitting panels, flush with inside face of forms, and 

neatly fitted so joints will not be apparent in exposed concrete surfaces 

3 6 Form Cleaning 

3 6 1 Clean and remove foreign matter within forms as erection proceeds 

3 6 2 Clean formed cavities of debris prior to placing concrete 

3 6 3 Flush with water or use compressed air to remove remaining foreign matter Ensure that 

water and debris drain to exterior through clean-out ports 

3 6 4 During cold weather, remove ice and snow from within forms Do not use de-icing salts or 

water to clean out forms, unless formwork and concrete construction proceed within heat 

enclosure Use compressed air or other means to remove foreign matter 

3 7 Formwork Tolerances 

3 7 1 Construct formwork to maintain tolerances required by ACI 301 

3 8 Field Quality Control 

3 8 1 Inspect erected formwork, shoring, and bracing to ensure that work is in accordance with 

formwork design, and that supports, fastenings, wedges, ties and items are secure 

3 8 2 Do not reuse wood formwork more than four times for concrete surfaces to be exposed to 

view Do not patch formwork 
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3 9 Form Removal 

3 9 1 Do not remove forms or bracing until concrete has gained sufficient strength to carry its 

own weight and imposed loads 

3 9 2 Loosen forms carefully Do not wedge pry bars, hammers, or tools against finish concrete 

surfaces scheduled for exposure to view 

3 9 3 Store removed forms in manner that surfaces to be in contact with fresh concrete will not 

be damaged Discard darrlaged forms 
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SECTION 03300 - CAST-IN-PLACE CONCRETE 

I 1 Part1 General 

1 1 Section Includes 

1 1 1 Floors and slabs on grade 

1 1 2 Control and expansion and contraction joint devices associated with concrete work, 

including joint sealants 

1 1 3 Equipment pads 

12 Reference5 

1 2 1 ACI 301 - Structural Concrete for Buildings 

1 2 2 ACI 302 - Guide for Concrete Floor and Slab Construction 

1 2 3 ACI 304 - Recommended Practice for Measuring, Mixing. Transporting, and Placing 

Concrete 

1 2 4 ACI 305R - Hot Weather Concreting 

1 2 5 ACI 306R - Cold Weather Concreting 

1 2 6 ACI 308 - Standard Practice for Curing Concrete 

1 2 7 ACI 318 - Building Code Requirements for Reinforced Concrete 

1 2 8 ANSVASTM 0994 - Preformed Expansion Joint Filler far Concrete (Bituminous Type) 

1 2 9 ANSVASTM 01 190 - Concrete Joint Sealer Hot-Poured Elastic Type 

1 2 10 ANSVASTM D1751 - Preformed Expansion Joint Fillers for Concrete Paving and 

Structural Construction (Nonextruding and Resilient Bituminous Types) 
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I 

1 2 11 ANSVASTM 01752 - Preformed Sponge Rubber and Cork Expansion Joint Fillers tor 

Concrete Paving and Structural Construction 

1 2 12 ASTM C33 - Concrete Aggregates 

1 2 13 ASTM C94 - Ready-Mixed Concrete 

1 2 14 ASTM C150 - Portland Cement 

1 2 15 ASTM C260 - Air Entraining Admixtures for Concrete 

1 2 16 ASTM C494 - Chemicals Admixtures for Concrete 

13 Submittals 

1 3 1 Submit under provisions of Section 01300 (See Contract Documents) 

1 3 2 Product Data Provide data on joint devices, attachment accessories, admixtures 

1 3 3 Samples Submit two-inch-long samples of expansion/contraction joint and control joint 

1 3 4 Manufacturets Installation Instructions 

required with adjacent work 

Indicate installation procedures and interface 

1 4 Project Record Documents 

1 4 1 Submit under provisions of Section 01300 

1 4 2 Accurately record actual locations of embedded utilities and components that are 

concealed from view 

1 5 Quality Assurance 

1 5 1 Perform work in accordance with ACI 301 

1 5 2 

1 5 3 

Conform to ACI 305R when concreting during hot weather 

Conform to ACI 306R when concreting during cold weather 
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1 6  Coodination 

1 6  1 Coordinate the placement of joint devices with erection of concrete formwork and 

placement of form accessories 

2 Part 2 Products 

2 7 Concrete Mater& 

2 1 1 Cement Rocky Flats, Type I I  modified or Type V 

2 1 2 Fine and Coarse Aggregates ASTM C33 

2 1 3 Water Clean and not detnrnental to concrete 

22  Admixtures 

2 2 1 Air Entrainment ASTM C260 

2 2 2  Chemical ASTM C494, Type A - Water Reducing, Type 6 - Retarding, Type C - 

Accelerating, Type D - Water Reducing and Retarding, Type E - Water Reducing and 

Accelerati ng 

2 3 Accessories 

2 3 1 Non-Shrink Grout Premixed compound consisting of non-metallic aggregate, cement, 

water reducing and plasticizing agents, capable of developing minimum compressive 

strength of 2,400 psi in 48 hours and 7,000 psi in 28 days 

2 4 Joint Devices and Filler Materials 

2 4 1 Joint Filler 

thick, tongue and groove profile 

ASTM D1751, ASTM D994, Asphalt impregnated fiberboard or felt, %-inch 

2 4 2 Construction Joint Devices Integral galvanized steel l?h-inch thick, formed to tongue and 

groove profile, with removable top strip exposing sealant trough, knockout holes spaced 

at 6 inches, ribbed steel spikes with tongue to fit top screed edge 
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2 4 3 Sealant and Pnmer Polyurethane type 

2 5 Concrete Mix 

2 5 1 Mix concrete in accordance with ACI 304 

c94 

Select proportions for normal weight concrete in accordance with ACI 301 Method 1 

Deliver concrete in accordance with ASTM 

2 5 2 

2 5 3 Provide concrete to the following criteria 

2 5 3 1 Compressive Strength (28 days) 3,000 psi for slab on grade 

2 5 3 2 Slump 1 to 3 inches 

2 5 3 3 Maximum WaterKement Ratio 0 5 

2 5 3 4 Entrained Air 5% 1% 

2 5 4 Use accelerating admixtures in cold weather only when approved by Contractor Use of 

admixtures will not relax cold weather placement requirements 

2 5 5 Use calcium chloride only when approved by Contractor 

2 5 6 Use set retarding admixtures during hot weather only when approved by Contractor 

2 5 7 Add air entraining agent to normal weight concrete mix for work exposed to exterior 

3 Part 3 Execution 

3 7 Examination 

3 1 1 Verify requirements for concrete cover over reinforcement 

3 1 2 Verify that anchors, reinforcement, and other items to be cast into concrete are accurately 

placed, positioned securely, and will not cause hardship in placing concrete 
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3 2 Preparation 

3 2 1 Prepare previously placed concrete by cleaning with steel brush and applying bonding 

agent in accordance with manufacturer's instructions 

3 2 2 In locations where new concrete is dowelled to existing work, drill holes in existing 

concrete, insert steel dowels, and pack solid with non-shrink grout 

I 3 3 Placing Concrete 

3 3 1 Place concrete in accordance with ACI 304, ACI 301, and ACI 318 

3 3 2 Place concrete in forms within 90 minutes of beginning mixing 

3 3 3 Notify Contractor minimum 24 hours prior to commencement of operations 

3 3 4 Ensure reinforcement, inserts, embedded parts, formed joint fillers, and joint devices are 

not disturbed during concrete placement 

3 3 5 Install joint fillers, in accordance with manufacturer's instructions 

3 3 6 Separate slabs on grade from vertical surfaces with ?h inch thick joint filler 

3 3 7 Extent joint filler from bottom of slab to within '/z inch of finished slab surface 

3 3 8 Install joint devices in accordance with manufactbrer's instructions 

3 3 9 Install constructton joint device in coordination with floor slab pattern placement 

sequence Set top to required elevations Secure to resist movement by wet concrete 

3 3 10 Install joint device anchors Maintain correct position to allow joint cover flush with floor 

and wall finish 

3 3 11 Install joint covers in longest practical length when adjacent construction acttvtty IS 

complete 

3 3 12 Maintain records of concrete placement Record date location quantity air temperature 

and test samples taken 
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3 3 13 Place concrete continuously between predetermined expansion, control, and construction 

joints 

3 3 14 Do not interrupt successive placement, do not permit cold joints to occur 

3 3 15 Place floor slabs in checkerboard pattern indicated 

3 3 16 Saw cut joints within 24 hours after placing Using 3/16-inch-thick blade, cut into '/4 depth 

of slab thickness 

3 3 17 Screed slabs on grade level, maintaining surface flatness of maximum % inch in 10 feet 

3 4 Concrete finrshmg 

3 4 1 Provide formed concrete surfaces to be left exposed with smooth rubbed finish 

3 4 2 Steel trowel all floor surfaces 

3 4 3 In areas with floor drains, maintain floor elevation at walls, pitch surfaces uniformly to 

drains as indicated on drawings 

3 5 Cunng and Protection 

3 5 1 Immediately after placement, protect concrete from premature drying, excessively hot or 

cold temperatures, and mechanical injury 

3 5 2 Maintain concrete with minimal moisture loss at relatively constant temperature for period 

necessary for hydration of cement and hardening of concrete 

3 5 3 Ponding Maintain 100 percent coverage of water over floor slab areas continuously for 4 

days 

3 5 4 Spbaying Spray water over floor slab areas and maintain wet for 7 days 

3 6 Field Quality Control 

3 6 1 Field inspection and testing will be performed in accordance with ACI 301 and under 

provisions of Section 01 400 
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3 6 2 'Provide free access to work and cooperate with appointed firm 

3 6 3 Submit proposed mix design of each class of concrete to inspection and testing firm for 

review pnor to commencement of work 

3 6 4 Tests of cement and aggregates may be performed to ensure conformance with specified 

req u i re me n ts 

3 6 5 Three concrete test cylinders will be taken for every 75 or less cu yds of each class of 

concrete placed 

3 6 6 One additional test cylinder will be taken during cold weather concreting, cured on job site 

under same conditions a concrete it represents 

3 6 7 One slump test will be taken for each set of test cylinders taken In addition, slump tests 

shall be taken if the consistency of the concrete appears to vary 

3 7 Patching 

3 7 1 Allow Contractor to inspect concrete surfaces immediately upon removal of forms 

3 72  Excessive honeycomb or embedded debris in concrete is not acceptable Notify 

Contractor upon discovery 

3 7 3 Patch imperfections in accordance with ACI 301 

3 8 Defective Concrete 

3 8 1 Defective Concrete 

tolerances, or specified requirements 

Concrete not conforming to required lines, details, dimensions, 

3 8 2 Repair or replacement of-defective concrete will be determined by the Contractor 

3 8 3 Do not patch, fill, touch-up, repair, or replace exposed concrete except upon express 

direction of Contractor for each individual area 
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SECTION 03400 - PRECAST CONCRETE 

1 Part1 General 

1 1 1 Precast Concrete Vault and Precast Concrete Vault Joint 

12 References 

1 2 1 ASTM A615, Specification for Deformed and Plain Billet-Steel Bars for Concrete 

Reinforcement 

1 2 2 ASTM C33, Concrete Aggregates 

1 2 3 ASTM C39, Test Method for Compressive Strength of Cylindrical Concrete Specimens 

1 2 4 ASTM (2136, Method for Sieve Analysis for Fine and Coarse Aggregates 

1 2 5 ASTM C143, Test Method for Sump of Portland Cement Concrete 

1 2 6 ASTM C150, Specification for Portland Cement 

1 2 7 ASTM C192, Method of Making and Curing Concrete Test Specimens in the Laboratory 

1 2 8 ASTM C231, Test Method of Air Content of Freshly Mixed Concrete by the Pressure 

Method 

1 2 9 ASTM C260, Specification for Air Entraining Admixtures for Concrete 

1 2 10 ASTM C494. Specification for Chemicals Admixtures for Concrete 

1 2 11 ASTM C857, Recommended Practice for Minimum Structural Design Loading for 

Underground Precast Concrete Utility Structures 

1 2 12 ASTM C858, Specification for Underground Precast Concrete Utility Structures 

1 2 13 ASTM 318-89, Specification for Design of Concrete using Ultimate Strength Methods 
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1 3  Submittals 

1 3 1 Manufacturer shall submit shop drawings and receive Contractor approval prior to 

manufacture of tank 

1 3 2 Manufacturer shall coordinate the number, size, and location of all penetrations during the 

submittal process 

I 1 3 3 Submit under provisions of Section 01300 (see Contract Documents) 

1 3 4 Product Data Provide data on joint devices and admixtures 

1 3 5 Samples Submit two inch long samples of joint material 

I 1 3 6 Manufacturer's Installation Instructions Indicate installation procedures and interface 

required with adjacent work 

I 1 4 Project Record Documents 

I 1 4 1 Submit under provisions of Section 01 300 (see Contract Documents) 

I 1 5 Quality Assurance 

1 5 1 Precast concrete to be manufactured in accordance with ASTM C858 

1 5 2 Precast concrete components to be installed in accordance with Manufacturer's 

Installation Instructions 

2 Part 2 Products 

2 1 Loadings Used for Structural Design of Precast Concrete 

2 1 1 Soil Compacted Dry Unit Weight - 105 pcf 

2 1 2 Equivalent Fluid Pressure (active soil pressure) - 52 pcf 

2 1 3 Maximum Surcharge Loading - 100 psf 

2 1 4 Sal Cover minimum = 0 ft maximum = 2 ft 
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2 2 Concrete Materials 

2 2 1 Portland Cement ASTM C150 Type I1 modified or Type V 

2 2 2 Fine and Coarse Aggregates ASTM C33 

2 2 3 Water Clean and not detrimental to concrete 

2 3 Admixtures 

2 3 1 Air Entrainment AStM C260 

2 3 2  Chemical ASTM C494, Type A - Water Reducing, Type B - Retarding, Type C - 
Accelerating, Type D - Water Reducing and Retarding, Type E - Water Reducing and 

Accelerating 

2 4 Reinforcement 

2 4 1 Rebar ASTM A615 grade 60 

2 5 Concrete MIX 

2 5 1 Provide concrete to the following criteria 

2 5 1 1 Compressive Strength (28 days) 4.500 psi 

2 5 1 2 Slump 1 to 3 inches 

2 5 1 3 Maximum WaterICement Ratio 0 5 

2 5 1 4 Entrained Air 5% 2 1% 

2 5 2 Admixtures will include air-entraining agent, water-reducing agent, and accelerator 

2 6 Joint Materials 

2 6 1 Joint Gasket Conseal CS-102 or equivalent 
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2 7 Accessones 

2 7 1 Grade nngs shall be precast concrete 

2 7 2 Manhole nng and cover shall be cast-iron 

2 7  3 Penetrations shall be sealed with Link-Seal gaskets, Model C, manufactured by 

Thunderline Corporation, or approved equal 

3. Part 3 Execution 

3 7 Preparation 

3 1 1 Prepare excavation in accordance with Section 02200, Earthwork 

3 2 Installation of Precast Concrete 

3 2 1 Install precast concrete in accordance with manufacturer's instructions 

3 2 2 Install joint gasket in accordance with manufacturer's instructions 

3 2 3 Install precast grade rings and watertight ring and cover in accordance wlth 

manufacturer's instructions 

3 3 Field Quality Control 

3 3 1 Contractor or Contractor's representative will be notified of placement of precast concrete 

structure 24 hours in advance 

3 4 Patching 

3 4 1 Excessive honeycomb or embedded debris in concrete is not acceptable Notify 

Contractor upon discovery (before installation) 

3 4 2 Patch imperfections in accordance with ACI 301 or require replacement of precast 

concrete 
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3 5 Defective Concrete 

I 3 5 1  

3 5 2  

3 5 3  

Defective Concrete 

tolerances, or specified requirements 

Repair or replacement of defective concrete will be determined by the Contractor 

Do not patch, fill, touch-up, repair, or replace exposed concrete except upon express 

direction of Contractor for each area 

Concrete not conforming to required lines, details, dimensions, 

t 
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SECTION 05500 - METAL FABRICATIONS 

I 
I 1 Part1 General 

7 7 Section Includes 

I 
I 1 1 1 Fabricated ferrous metal items 

7 2 References 

1 2 1 ASTM A36 - Structural Steel 

1 2 2 ASTM A53 - Hot-Dipped, Zinc-Coated Welded and Seamless Steel Pipe 

1 2 3 ASTM A123 - Zinc (Hot-Galvanized) Coatings on Products Fabricated from Rolled, 

Pressed and Forged Steel Shapes, Plates, Bars, and Strip 

I 
\ 1 2 4 ASTM A153 - Zinc Coating (Hot-Dip) on Iron and Steel Hardware 

1 2 5 ASTM A283 - Carbon Steel Plates, Shapes, and Bars 

I 1 2 6 ASTM A307 - Carbon Steel Externally Threaded Standard Fasteners 

1 2 7 ASTM A386 - Zinc-Coating (Hot-Dip) on Assembled Steel Products 

1 2 8 AWS A2 0 - Standard Welding Symbols 

I 1 2 9 AWS D1 1 - Structural Welding Code 

1 2 10 SSPC - Steel Structures Painting Council , 

1 2 11 ASTM A-603 Wine Rope 

1 3  Submittals 

1 3 1 Submit under provisions of Section 01 300 (See Contract Document) 

1 3 2 Submit welder qualifications 
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Shop Drawings Indicate profiles, sizes, connection attachments, reinforcing, anchorage, 

size and type of fasteners, and accessories Include erection drawings, elevations, and 

details 

* ”  

1 3 3 
i 

1 3 4 Indicate welded connections using standard AWS  A2 0 welding symbols 

weld lengths 

Indicate net 

1 3 5 Submit qualified weld procedures 

1 3 6 Submit qualified weld tests and inspection reports 

~ 1 4 Field Measurement3 

1 4 1 Verify that field measurements are as indicated on shop drawings 

1 5  Quality Assurance 

1 5 1 Provide welder qualifications and perform welding, tests, and inspections tn accordance 

with AWS structural welding code, AWS D1 1, Latest Edition 

2 P a r t 2  Products 

2 7 Matenals 

2 1 1 Steel Sections ASTM A36 

2 1 2 Pipe ASTM A53, Grade B Schedule 40 

2 1 3 Bolts, Nuts, and Washers ASTM A307 

2 1 4 Welding Materials AWS D1 1, type required for materials being welded 

2 1 5 Shop and Touch-Up Primer SSPC 15, Type 1 ~ red oxide 

2 1 6 Steel Wire Rope, Galvanized 

2 2 Fabrtcabon 

2 2 1 Fit and shop assemble in largest practical sections for delivery to site 
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2 2 2 Fabncate items with joints tightly fitted and secured 

2 2 3 Continuously seal joined members by continuous welds 

2 2 4 Grind exposed joints flush and smooth with adjacent finish surface Make exposed joints 

butt tight, flush, and hairline Ease exposed edges to small uniform radius 

2 2 5 Exposed Mechanical Fastenings Flush countersunk screws or bolts, unobtrusively 

located, consistent with design of component, except where specifically noted otherwise 

2 2 6 Supply components required for anchorage of fabrications Fabricate anchors and 

related components of same material and finish as fabrication, except where specifically 

noted otherwise 

2 3 Finishes 

2 3 1 Prepare surfaces to be primed in accordance with SSPC SP2 

2 3 2 Do not pnrne surfaces in direct contact with concrete or where field welding is required 

2 3 3 Prime paint items with one coat 

3 Part3 Execution 

3 1 Examination 

3 1 1 Verify that field conditions are acceptable and are ready to receive work 

3 1 2 Beginning of installation means erector accepts existing conditions 

3 2 Preparation 

3 2 1 Clean and stnp pnmed steel items to bare metal where site welding is required 

3 2 2 Supply items required to be cast into concrete with setting templates, to appropriate 

sections 
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3 3 Installation 

3 3 1 Install items plumb and level, accurately fitted, free from distortion or defects 

3 3 2 Allow for erection loads and for sufficient temporary bracing to maintain true alignment 

until completion of erection and installation of permanent attachments 

3 3 3 Field weld components indicated on drawings 

3 3 4 Perform field welding in accordance with AWS D1 1 

3 3 5 Obtain Contractor's approval prior to site cutting or making adjustments not scheduled 

3 3 6 After erection, prime welds, abrasions, and surfaces not shop primed, except surfaces to 

be in contact with concrete 

3 4 Erection Tolerances 

3 4 1 Maximum Variation From Plumb %i inch non-cumulative 

3 4 2 Maximum Offset From True Alignment % inch 
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I 

SECTION 09900 - PAINTING 

1 Part1 General 

7 7 Related Work Specified Elsewhere 

1 1 1 Section 05500. Structural and Miscellaneous Steel 

1 2 Quality Assurance 

1 2 1 Include on label of containers 

Manufacturer's name 
Type of paint 
Manufacturer's stock number 

0 Color 
0 Instructions for application 
0 Paint analysis 

' 1 3  Submittals 

1 3 1 Submit proposed paint and color schedule for approval, including for each item 

Surface to be painted 
0 Type of paint 
0 Special thinners required. if any 
0 Color 
0 Special surface preparation required 

Material Safety Data Sheet (MSDS) 

7 4 Products Delivery and Storage 

1 4 1 Delivery of Materials -- Except for locally mixed custom colors, deliver materials in sealed 

containers with labels intact and legible 

1 4 2 Storage of Materials 

1 4 2 1 The Subcontractor shall provide storage facilities adequate to protect the paint 

materials and equipment from inclement weather The storage facilities shall 

have adequate ventilation During cold weather, the storage facilities shall be 
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heated to not less than the minimum recommended by the paint products 

manufacturer and at no time shall the temperature be below 35'F 

1 4 2 2 At the end of each work day, all paint materials shall be removed from the work 

area and properly stored 

1 5 Job Cond~f/ons 

1 5 1 Environmental Conditions 

1 5 1 1 Comply with manufacturer's recommendations for environmental conditions 

under which coatings and coating systems can be applied 

Do not apply finish in areas where dust is being generated 1 5 1 2 

1 5 1 3 Provide adequate ventilation when using flammable or toxic paint materials 

1 5 2 Protection 

1 5 2 1 Cover or otherwise protect surfaces not being painted 

1 5 2 2 Furnish fire-retardant protective coverings Do not use flammable material for 

protective covenngs unless special permission is obtained from the Buyer 

2 Part 2 - Products 

2 1 Matenals 

2 1 1 Materials selected for painting systems for each type of surface shall be the products of a 

single manufacturer 

2 1 2 Other products not specified, but required for the job, shall be commercial products 

designed for the intended use 
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3. Part 3 - Execution 

3 1 Inspection 

3 1 1 Examine surfaces scheduled to receive paint for conditions that will adversely affect 

execution, permanence or quality of work and which cannot be put into an acceptable 

condition through preparatory work. 

3 2 Preparation of Surfaces 

3 2 1 Ferrous Metal Surfaces 

3 2 1 1 Prepare surface in accordance with SSPC-SP2, Hand Tool Cleaning 

3 2 1 2 Feather edges of sand paint 

3 2 2 Galvanized Metal - Clean surface in accordance with SSPC-SP2, Solvent Cleaning Dry 
with clean Iint-free cloth 

3 2 3 Aluminum - Glean surface in accordance with SSPC-SP1, Solvent Cleaning 

clean Iint-free cloth 

Dry wlth 

3 3 Application 

3 3 1 Apply paint with suitable brushes, rollers, or spraying equipment 

3 3 1 1 Do not exceed rate of applicatlon recommended by paint manufacturer for type 

of surface Keep brushes, rollers, and spraying equipment clean, dry, and free 

from contaminants 

3 3 2 Comply with recommendation of product manufacturer for drying time between 

succeeding coats 

3 3 3 Vary slightly the color of successive coats Tinting shall be uniform 

3 3 4 Sand dust between each coat to remove defects visible from a distance 
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Finish coats shall be smooth, free of brush marks, streaks, laps or pileup of paints, and 

skipped or missed areas Finished metal surfaces shall be free of skips, voids, or 

pinholes in any coat when tested with a low voltage Doors, frames, and finished 

metalwork or woodwork shall be painted by brush or spray only Do not roll 

3 3 5 

3 3 6 Inspection 

3 3 6 1 Do not apply successive coats until each completed coat has been inspected 

and approved by Contractor 

3 3 6 2 Only inspected coats of paint will be considered in determining the number of 

coats Defective or improper previous coatings shall be removed or corrected 

to the satisfaction of the Contractor 

3 3 7 Make edges of paint adjoining other materials or colors clean and sharp with no 

overlapping 

3 4 Cleanrng 

3 4 1 Touch up and restore finish where damaged 

3 4 2 Remove spilled, splashed, or splattered paint from all surfaces 

3 4 3 Do not mar surface finish of item being cleaned 

3 5 Painting Systems and Schedules 

3 5 1 Painting Systems 

3 5 1 1 Paint System One (PS-One) for intenor-exterior metals 

3 5 1 1 1 Prime coat for touch up Oil-base, rush-inhibitive metal primer 

3 S 1 1 2 Finish - Solvent-type Alkyd enamel, two coats 

3 5 2 Paint Schedules (all colors will be selected by the Contractor when not specified) 

3 5 3 Items Not Required to be Painted 
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3 5 3 1 Extenor galvanized metals 
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SECTION 13200 - PASSIVE TREATMENT TANK 

~ 1 Part1 General 

7 7  Summary 

I 1 1 1 Scope of Work 

~ 1 1 1 1 Items specified in this section apply to the seep treatment system 

11 12 Furnish and install the following as shown on the drawings to ensure a 

complete and operable system 

1 I2 Related Sections 

1 12 1 Section 13210 - Filters, Disposable Drum Filters, Chemical Storage Drums 

I 1 122 Section 1321 5 - Piping 

12  References 

The publications listed below form a part of this specification to the extent referenced 

publications are referred to in the text by the basic designation only 

12 1 

122 

The 

ASTM A36, Structural Steel 

ASTM A283, Carbon Steel Plates, Shapes, and Bars 

12 3 

124 

ASTM A307, Carbon Steel Externally Threaded Standard Fasteners 

AWS A2 0, Standard Welding Symbols 

125 

126  

127 

128 

AWS D1 1, Structural Welding Code 

SSPC, Steel Structures Painting Council 

ANSI B1 20 1, Pipe Threads, General Purpose (Inch) 

ANSI B16 5, Pipe Flanges and Flanged Fittings 
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13 Submittals 

The following shall be submitted to the Contractor for approval 

1 3 1  Detailed tank plans showing tocation of all tank fittings with material takeoffs will be 

submitted pnor to procurement Design calculations and detailed construction drawings 

demonstrating compliance with this Section prior to procurement As-built record 

drawings will be submltted and approved by Contractor at control closeout 

1 3 2  Copies of all laboratory and field test reports within 24 hours of the completion of the test 

14  Qualifications 

14 1 The tank manufacturer shall have been regularly engaged in the design and manufacture 

of steel tanks such as specified herein for at least seven (7) years The tank 

manufacturer’s expenence will include at least fifteen (15) tank installations of equal or 

larger capacity than specified herein 

1 4 2  The tank shall be warranted for two (2) years to be free of defects in material and 

workmanship 

15 Delivery, Storage, and Handling 

1 5 1 Deliver, store, proted, and handle tanks in an orderly manner 

1 5 2  Pnor to shipment, place temporary caps and closures on all tank openings Maintain in 

place until installation 

2 Part2 Products 

2 7  General 

2 1 1 Service Secondary containment for reactor vessels 

212 Fluid pH 4 0 - 9 0 
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Outdoors, min ambient temp of -20°F, max ambient temp of 120'F 

Top of tank will be 

'I Category Organization 

21 3 Installation 

Placed below grade with top of tank flush with ground surface 

exposed to ultraviolet (UV) rays 

21 4 Capacity 4,000 gallons and have an outside diameter of 10 feet and height of 7 feet, 2 

inches 

2 1 5 Type Vertical, flat bottom 

2 1 6 Design Pressure Bunal to top of tank (7 foot depth) plus one foot overburden on the top 

of tank Design soil pressures are as follows active lateral earth pressure (compacted 

silt) = 52 pcf, surcharge = 100 psf, soil compacted dry unit weight = 105 pcf, soil 

compacted wet unlt weight = 120 pcf 

21 7 Nameplate Each major component shall have a nameplate to list the manufacturer's 

name, address, component type or style, model or serial number, and catalog number on 

a plate secured to the equipment Plates shall be durable and legible throughout 

equipment life and made of stainless steel Plates shall be fixed to tank hatch with 

nonferrous screws or bolts 

22 Tank Design and Matenals of Construction 

2 2  1 Tank manufacturer shall include the following 

Tank Itself, 10' diameter x 7 ' 2 "  high 

0 Flange extending 12" beyond bottom of tank with (1 0) 114" x 3" x 27" stiffeners 

0 18" high x 4'-0" x 4'-9" manway 

4l-1" x 4 '4 0" hatch with hinges, handle to pull open, and hasp 

Three lifting lugs attached to top of tank 

Insulation, blown on, 2" thick, on hatch cover, in manway, on inside top of tank, and 
1' down sides of tank 

0 Steel ladder welded in 

0 One sump, 12" x 12" x 4" 

Bracket for attaching flow transmitter (Cross-section C) 

l~U510612\spccsc10 doc 
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222  

22 3 

22 4 

2 2  5 

2 2  6 

2 2  7 

0 

(1) 5' pipe penetration 

0 (1) 4" pipe penetration 

0 

0 

Bracket for filters (detail 8)  (not attached to tank) 

(2) 3' FPTs in top of tank (one for vent and one for leak detection) 

(1) 3/4" FPT in top of tank for conduit 

Steel Tank shall be fabncated of A-36 carbon steel, sandblasted, and coal tar epoxy 

coated The tank shall be designed to withstand soil pressure as stated above The tank 

shall be 10 foot diameter with 12 foot bottom flange to prevent vertical uplift as shown on 

plans Initial calculations indicate that bottom and side walls will be 114" steel and top will 

be 5/16" steel with (2) 2" x2" x 1/4" angle brackets welded to top 

Welds 

Bottom to sidewall 

114" fillet weld each side 

Top to sidewall 

Inside 1/4" fillet weld, outside comer modified 1/4" butt weld 

All other 

Full penetration 1/4" butt weld welded one-half way from each side 

Tank Connections Piping, vent, or instrument connections to the tank shall be welded 

unless noted on the plans as threaded 

Link-Seal Gaskets Where noted on plans, penetration shall be sealed with Link-Seal 

gaskets, Model C, manufactured by Thunderfine Corporation, or approved equal 

Support bracket 

shown in Detail 8 

tank manufacturer shall supply steel support bracket for filters as 

Ladder shall be supplied and welded in place by tank manufacturer 
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2” thick polyurethane insulation shall be spray applied to inside of tank hatch, inside top 

of tank, and one foot down inside walls from top 

I Category Organization 

228 

3 Part3 Execution 

3 1 Examination 

3 1 1 Prior to tank installation, venfy that grade surface has been properly prepared 

3 12 Venfy that all tank openings are properly located as fabncated 

3 2 Installation 

3 2  1 Install tanks in accordance with manufacturer’s instructions 

3 2 2  Tanks shall be installed in as level a condttion as possible, not to exceed --inch slope as 

measured across the entire tank width 

3 2 3  Upon completion of installation, a visual inspection of all penetrations shall be performed 
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SECTION 13210 - FILTERS, DISPOSABLE DRUM FILTERS, AND CHEMICAL STORAGE DRUMS 

1 Part1 General 

I I Description 

1 1 1 Items specified in this section apply to the passive seep collection and treatment system 

7 2 Related Sections 

1 2 1 Section 1321 5 - Piping 

7 3  Submittals 

The following shall be submitted by the Construction Subcontractor to the Contractor for approval 

'1 
1 3 1 Spare Parts Data The Construction Subcontractor shall furnish spare parts data for each 

different item of materials and equipment specified The data shall include a complete list 

of parts and supplies, with current unit prices and source of supply 

1 3 2 Operating and Maintenance Instructions Operating instructions outlining the step-by-step 

procedures required for system start-up and operation shall be furnished The instruction 

shall include the manufacturer's name, model number, service manual, parts list, and 

brief description of all equipment and their basic operating features 

1 4 General Requirements 

1 4 1 Standard Products Material and equipment shall be the standard products of a 

manufacturer regularly engaged in the manufacture of the products and shall essentially 

duplicate items that have been in satisfactory use at least 2 years prior to bid opening 

1 4 2 Verification of Dimensions The Construction Subcontractor shall become familiar with all 

details of the work, verify all dimensions in the field, and shall advise the Contractor of any 

discrepancy before performing the work 
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1 5 c?ua//f/car/ons 

1 5 1 Company specializing in manufacturing the products specified in this section with 

minimum 3 years documented experience Documentation shall be made available to the 

Contractor upon request 

1 6 Delivery and Storage 

1 6 1  

2 Part2 

2 1 Filters 

21 1 

2 1 2  

All equipment deltvered and placed in storage shall be stored with protection from the 

weather, humidity and temperature variations, dirt and dust, or other Contaminants 

Products 

Filters shall be bag filters capable of holding 10 micron or 20 micron bags Two filters 

shall be mounted in parallel to minimize head loss and maximize time between filter 

changeout 

Filter housings shall be stainless steel with 2-inch female pipe thread (FPT) inlet and 

outlet ports 

Bag filter shall be Rosedale 82-30-2P-2-150-N-S-D-B-S-B 

Where 

82 = Model 82 
30 = 30-inch housing 
2P = 2-inch FPT inlet and outlet 
2 = side outlet 

N = No ASME code stamp 
S = 304 stainless steel 
D = displacer 
B = Buna N cover gasket 
S = basket seal (required) 
B = filter bag basket (filter bags shall be 10 micron or 20 micron) 

150 = 150 psi 
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2 2 Granular Activated Carbon (GAC) Disposable Drum Filters 

2 2 1 Disposable drum filters (three) shall be 55-gallon size and constructed of steel The drum 

filters shall be rated for a working pressure of 12 psi and a maximum flow rate of 10 gpm 

Inlet and outlet connections shall be 2" FPT Activated carbon shall be bituminous coal 

carbon, 8 x 30 mesh Drums shall be Northwestern Carbon L-180 or Contractor approved 

equal 

2 2 2 Drum filter accessories to be supplied include the following (1) three drum dollies, 

Wagner Model 4000 or equwalent, and (2) Wesco vertical drum lifter, Wesco 

Manufacturing Model DL-1 or equivalent 

2 3 Chemical Storage Drums 

2 3 1 Chemical storage drums are to be polypropylene and 65-gallon size Drum setup shall 

include a stand with spill containment Drum to be ProTreat Technology Corporation 

drum or an approved equal 

2 3 2 Chemical storage drum shall have 3-inch glass tube type purge meter with 1/4-rnch NPT 

fittings Meter shall be Wallace & Tiernan Model C033 or approved equal Tube from 

flow meter to 3-inch PVC collector pipe shall be 1/4-inch Teflon or Contractor approved 

equal 

3 Part3 Execution 

3 I Equipment installation 

3 1 1 Filters, disposable drum filters, and chemical storage drums shall be installed in the 

position indicated and in accordance with the manufacturer's written instructions All 

appurtenances required for a complete and operating system shall be provided, including 

such items as piping, conduit, valves, fittings, and controls 

3 2 Field Testing and Adjusting Equipment 

3 2 1 Operations Test Prior to acceptance, an operational test of all systems shall be 

performed to determine whether the installed equipment meets the purpose and intent of 

the specifications Tests shall demonstrate that the equipment is not electrically, 
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mechanically, structurally, or otherwise defective, is in safe and satisfactory operating 

condition, and conforms with the specified operating characteristics Tests shall include 

checks for leaks in all piping and seals, correct operation of control systems and 

equipment, and proper alignment, 

3 2 2 Retesting 

corrected and the tests shall be reconducted at Subcontractor's expense 

If any deficiencies are revealed during any test, such deficiencies shall be 
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SECTION 1321 5 - PIPING 

1. Part1 General 

1 1  Summary 

1 1 1 Scope of Work 

1 1 1 1 Items specified in this section apply to the passive seep collection and 

treatment facility 

1 1 1 2 Furnish and install the following as shown on the drawings to ensure a 

complete and operable system double contained polypropylene piping, PVC 

PlPW 

1 1 1 3 All piping shall be in compliance with RFETS SP-220 

1 1 2 Related Sections 

1 1 2 1 Section 02200 - Earthwork 

12 References 

1 2 1 SP-220, Rev J, Rocky Flats Plant Standard for Piping Material Specifications 

1 2 2 SP-301, Rev J, Rocky Flats Plant Standard for Pipe Systems Testing Procedure 

1 2 3 ASTM 01785, Poly (Vinyl Chloride) (PVC) Plastic Pipe, Schedules 40, 80, and 120 

1 2 4 ASTM D2464, Threaded Poly (Vinyl Chloride) (PVC) Plastic Pipe Fittings, Schedule 80 

1 2 5 ASTM D2467, Socket-type Poly (Vinyl Chloride) (PVC) Plastic Pipe Fittings, Schedule 80 

1 2 6 ASTM A307, Specification for Carbon Steel Externally Threaded Standard Fasteners 

1 2 7 ASTM D2564, Solvent Cements for Poly (Vinyl Chloride) (PVC) Plastic Pipe and Fittings 

1 2 8 1 -50000-ADM-04 01, Rocky Flats Plant Verification and Testing Procedure 

13215 * 1 



Rocky Flats Environmental Technology Site Manual RF/ER-94-00044 
OU 7 Passive Seep Collection Section Piping, Rev 1 
and Treatment System Eff ective Date September 1995 
Category Organization RMRS 

1 2 9 ASTM 02855, Making Solvent-Cemented Joints with Poly (Vinyl Chloride) (PVC) Pipe and 

Fittings 

1 2 10 ASTM F656, Primers for Use in Solvent Cement Joints of Poly (Vinyl Chloride) (PVC) 

Plastic Pipe and Fittings 

1 2 11 ASTM 04101, Black UV Stabilized Block Co-polymer Polypropylene Pipe 

1 2 12 ASTM D2657, Butt Welding Polyolefin pipe 

1 2 13 Environment Management QAPjP, Sitewide Quality Assurance Project Plan 

7 3 Submrtfals 

The following shall be submitted by the Construction Subcontractor to the Contractor for approval 

1 3 1 Piping Plan and Elevation Drawings Provide for approval dimensioned plan and 

Include sections as elevation drawings indicating lengths, sizes, and routing of piping 

required 

1 3 2 Product Data 

Provide manufacturer's catalog Information, including installation instructions 

Provide data on pipe materials, pipe fittings, valves, and accessories 

1 3 3 Pressure Testing Log Provide pressure test record for each piping system, including the 

following minimum information line designation number, date of test, type of test, 

pressure applied, length of time at test pressure, tested by, and any comments 

1 4 1 Installer Company specializing in performing the work of this section with a minimum of 

three years of documented experience Documentation shall be made available to the 

Contractor upon request 

7 5 Dellvery and Storage 

1 5 1 

1 5 2 

Deliver, store, protect, and handle products in an orderly manner 

Accept valves on site in shipping containers with labeling in place Inspect for damage 
- 
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Prowde temporary end caps and closures on piping and fittings Maintain in place until 

installation 

1 5 3 

1 5 4 Protect piping systems from entry of foreign materials by temporary covers, completing 

sections of the work and isolating parts of completed system 

1 6 Envrronmental Requirements 

1 6 1 Do not install underground piptng when bedding is saturated or frozen 

2 Part2 Products 

2 1 Double Contained Polypropylene Piping 

Double Contained Polypropylene Piping shall meet SP-220 specification PR 

2 1 1 Piping 2 inch through 4 inch Black, ASTM 0-4101 

2 1 2 Fittings All sites Molded butt fusion, ASTM D-2657, 2 inch through 4 inch 

2 1 3 Joining Method All double contained polypropylene pipe and fittings shall be joined using 

thermal butt fusion methods as recommended by pipe manufacturer 

2 2 PVC Process Piping 

PVC piping shall meet SP-220 specification PA 

2 2 1 Piping 

2 2 1 1 Yi inch through 10 inch Schedule 80, PVC, Class 12454-6, threaded or plain 

ends, in accordance with ASTM D-1785 (only Schedule 80 pipe may be 

threaded) All piping shall be Schedule 80 

2 2 2 Fittings 

2 2 2 1 YZ inch through 2 inch Type 1, Grade 1, PVC, Class 1245443, Schedule 80, 

screwed or socket Fitting grade to match pipe grade 

13215 - 3 9nm5 



RF/ER-94-00044 
c Piping, Rev 1 

Rocky Flats Environmental Technology Site Manual 
OU 7 Passive Seep Collection Section 

Effective Date September 1995 and Treatment System 
Category Organization RMRS 

2 2 3  

- 

2 2 4  

225  

2 2 6  

2 2 7  

2 2 8  

2 2 9  

2222  

Flanges 

2 2 31  

Unions 

2 2 4 1  

2 2 4 2  

3 inch and larger Type 1, Grade 1, PVC, Class 12454-6, Schedule 80 socket 

Fitting grade to match pipe grade 

'/2 inch and larger Type 1, Grade 1, Class 150, fiat face, PVC, Schedule 80, 

socket 

M inch through 2 inch 

screwed 

Type 1, Grade 1, PVC, Schedule 80, socket or 

Larger than 2 inch Type 1, Grade 1, PVC, Schedule 80, socket 

Bolting - All Sizes Stud bolt, stainless steel, ASTM A1 93, Gr 68, Class 1, nuts, heavy 

hex, stainless steel ASTM A194, Gr 8, washers, ANSI 6 18 22 1 Type 6, Narrow Series, 

304 stainless steel 

Gaskets - All sizes 1/8-inch neoprene, full face, 50 - 70 durometer A, Class 150 

Cement for Socket Joints - PVC solvent cement in accordance with ASTM D2564 and 

D2855 and as recommended by the manufacturer of the pipe and fittings 

Primer - Primer as recommended by the manufacturer of the pipe and pipe fittings 

Valves 

2 2 9 1 Ball Valves in accordance with SP-220, valve specification sheet V1021 with 

the following exception 

Operator Below grade valve - cross or 
other remote operator; supply 
four-foot long key Valve in 
treatment tank - Lever 

2 3 Flexible PVC Hose and Quick Disconnect Cam Operating Couplings 

2 3 1 Flexible PVC hose shall be Kanaflex PVC suction and discharge hose Series 100 

Standard Duty, 2 inch or Contractor approved equal 
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Quick disconnect cam operating couplings shall be black glass filled polypropylene with 

EPT gaskets, rated to 100 psi, or Contractor-approved equal 

2 3 2 

2 3 3 Hose clamps for flexible PVC hose shall be Kanaflex "Power Lock" clamps, Harrington 

part number PLCP-020KF or Contractor-approved equal 

3 Part3 Execution 

3 1 General 

31 1 

312 

3 1 3  

314 

315 

The Construction Subcontractor shall furnish all tools equipment, materials, and supplies 

and perform all labor required for furnishing the installation, testing, and flushing of all 

piping and appurtenances as shown on the drawings and specified herein 

The work of this section shall include the furnishing, installation and testing of pipe, pipe 

supports, fittings, specials, and all required appurtenances as shown on the drawings and 

as required to make the entire piping system operable within the treatment system 

All pipes, fittings, couplings, and appurtenant items shall be new, free from defects of 

contamination, and wherever possible, be the standard product of the manufacturer 

They shall be furnished in pressure or thickness classes as specified or shown 

The different kinds of buried piping shall be installed in accordance with the drawings, 

procedures, and methods contained within this specification Such procedures and 

methods shall conform to or exceed the minimum requirements of the pipe manufacturer 

and shall be as supplemented by the provisions specified herein The interior of the pipe, 

fittings. and couplings shall be clean and free from contamination when installed 

Effective means shall be taken to prevent the entrance of foreign matter following 

installation Where fittings are omitted from the drawings, they shall be the same size as 

the piping and in all cases shall conform to the piping code requirements 

All pipe shall be carefully placed and supported at the proper lines and grades, and where 

practicable, shall be sloped to permit complete drainage Piping run shown on the 

drawings shall be followed as closely as possible, except for minor adjustment to avoid 

architectural and structural features If reallocations are required, they shall be subject to 

the approval of the Contractor 
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In the event that obstructions not shown on the drawings are encountered during the 

progress of the work that will require alterations to the drawings, the Contractor will have 

the authority to change the drawings and order the necessary de iations from the line or 

grade The Construction Subcontractor shall not make any deviation from the specified 

line or grade without approval by the Contractor Should any deviation in line or grade be 

permitted by the Contractor for the convenience of the Construction Subcontractor, any 

additional costs for thrust blocks, valves, blow-off assemblies, extra pipe footage, or other 

additional costs shall be borne by the Constructton Subcontractor 

3 1 6 

3 1 7 Storage and Handling During storage, handling, and transporting, every precaution shall 

be taken to prevent injury to pipe Pipe shall be handled only by means of approved 

hooks on ends of sections, by means of fabric slings, or by other methods approved by 

the Contractor for the pipe used 

3 1 8 Verification of dimensions All dimensions essential to the correct locations of the pipe, or 

fit of piping at equipment and valves, or to the avoidance of obstructions or conflict with 

other improvements, shall be accurately determined by the Construction Subcontractor 

prior to fabrication of the piping involved Any required change from the nominal locations 

shown on the drawings shall be made by the Construction Subcontractor and shall be 

included as a part of the work hereunder and will be subject to approval of the Contractor 

3 1 9 Construction Subcontractor shall provide non-conducting dielectric connections wherever 

joining dissimilar metals 

3 1 10 All valves shall be installed with stems upright and horizontal, not inverted Valve labels 

shall be applied to valves such that they are easily visible for the “normal” point of view 

Valve handles shall be labeled with function and arrows indicating which direction to turn 

the handle to “open“ or “close“ the valve 

3 1 11 Piping shall be installed per manufacturets installation instructions 

3 2 Burred Pipe lnstallabon 

3 2 1 Buried piping shall be laid to the grades and alignment shown on the drawings and all 

trenching, bedding, and backfilling shall conform to Section 02200 Earthwork 
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The foregoing requirements shall govern the work, regardless of the type of pipe installed 

unless a more stnngent requirement is specified When the work is not in progress, open 

ends of piping and fittings shall be securely closed The piping shall be placed when 

trench and weather conditions are suitable No pipe shall be laid in water, and 

responsibiltty for the dtversion of drainage and dewatering of trenches during construction, 

including meeting all safety requirements, shall be borne by the Construction 

Subcontractor All piping in place shall be approved by the Contractor as to line, grade, 

bedding, and proper joint construction before backfilling In all backfilling operations, the 

Construction Subcontractor shall be responsible for preventing damage to or 

misalignment of the pipe NQ piping shall be buried until testing is completed and 

installation is approved by Contractor 

- 
3 2 2 

3 2 3 Coverage 

coverage of at least 24 inches between the top of the pipe and the finished surface 

Unless otherwise shown on the drawings, all buried piping shall have a 

3 2 4 Vanations from the pipeline grade and alignment may be allowed to accommodate 

fabrication with the approval of the Contractor All changes of grade shall require the 

approval of the Contractor on the installation drawings 

3 3  Testing 

3 3 1  

3 3 2  

If the Construction Subcontractor is not on the Site Approved Supplier List (ASL), then all 

testing shall be conducted under direct supervision and verified by qualified Contractor 

personnel Testing shall be in accordance with Environment Management QAPjP, 

Sitewide Quality Assurance Project Plan 

Leak testing of piping system integrity shall be by either hydrostatic or pneumatic test 

methods as listed below 

3 3 2 1 Double contained polypropylene-Test inner pipe in accordance with SP-301, 

hydrostatic test (Class B), at 75 psi Test outer containment pipe in 

accordance with SP-301, pneumatic test (Class J) at 75 psi 

3 3 2 2 PVC Pipe (All sizes)-Test PVC piping, in accordance with SP-301, hydrostatic 

test (Class 8) at 75  psi 
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Construction Subcontractor shall identify piping components, I e ,  meters, instruments. 

that may not be designed for full hydrotest pressure and make provisions for testing the 

piping system with those components removed, as required 

3 3 3 

3 3 4 Leaks shall be located, repaired, and the line retested at expense of Subcontractor to the 

satisfaction of the Contractor 

3 3 5 Warning Do not proceed with hydrostatic pressure tests above ground unless the 

construction supervisor has taken appropriate safety precautions 

3 3 6 Pressure drops due to the thermal contraction are acceptable, if the pressure returns to 

the onginal test pressure after 2 hours 

3 4 System FIoshrng 

3 4 1 After tests are completed, piping shall be flushed In general, sufficient water shall be 

used to produce a minimum water velocity of 2 5 feet per second through piping being 

flushed Flushing shall be continued until discharge water shows no discoloration 

System shall be drained at low points 

3 4 2 Construction Subcontractor shall not flush the 3-inch containment pipe as it is important to 

keep the annulus as dry as possible 
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SECTION 16050 - ELECTRICAL 

1 Part1 General 

7 7 Summary 

1 1 1 Scope of Work 

1 1 1 1 Items specified in this section apply to high-level indicator, leak detection 

indicator, flow meter, and the power supply to support these indicators and flow 

meter 

1 1 1 2  Furnish and install the following as shown on the drawings to ensure a 

complete and operable system 

2 Part2 Materials 

) 2 1 High-Level Indicator and Leak Detection Indicator 

2 1 1 Sensor shall be Flowline LV10-1301, vertical bouyancy sensor or Contractor approved 

equal (2 each) Strobe shall be Flowline LCO9-1004, DC strobe alert or Contractor 

approved equal (2 each) mounted on Flowline LCO6-1001 junction box and terminal strip 

or Contractor approved equal (2 each) Sensor shall be mounted on Flowline Smartrak 

LM10-1x01 (2 each, length per plans, X indicates length) 

2 2 Flow Metering 

2 2 1 Flow meter system shall consist of a SIGNET 8511 Compak Flow Transmitter or 
approved equal and a SIGNET 2535 Rotor-X Low-Flow Sensor or Contractor approved 

equal 

2 3 Power Supply 

2 3 1 Power supply shall be shared for the flow meter, the high-level indicator, and the leak 

detection indicator It shall consist of a solar electric generator Model Number ST60- 

2G27-24V, with voltage regulation, engineered and manufactured by Remote-Power Inc 

or approved equal The solar electric generator IS to be installed on a two-inch Schedule 
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40 steel pipe (ten feet long, secured 30 inches into the ground with concrete) The solar 

electric generator's battery enclosure, the two Flowline LCOG-1001 junction boxes, and 

the flow transmitter are to be connected with %-inch rigid galvanized steel conduit through 

which the wiring connections are to be made The electrical connection between the 

terminal strip in the solar electric generator, the two Flowline LCO6-1001 junction boxes, 

and the flow transmitter are to be made with THHN 14 gauge wire The electrical 

connection between the flow meter and the flow transmitter shall be made with #22 SHLD 

wire (supplied with sensor) 

2 3 2 Recommended parts lists for terminal strip located in solar panel box 
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2 3 3 Conduit and conductors schedule 

3 Part3 Execution 

3 7 installation 

3 1 1  Battery, battery box, and solar panel shall be installed as shown on plans and in 

accordance with manufacturer's instructions 

3 1 2 High-level indicator, leak detection indicator, and flow meter shall be installed as shown 

on plans and in accordance with manufacturer's instructions 

3 1 3 Inside the passive treatment tank, the %-inch galvanized steel conduit shall be attached to 

epoxy-mounted brackets rated to 100 psi vertical shear These brackets shall be installed 

on job by electrical subcontractor 

3 2  Testing 

3 2 1 The recommended procedure for testing the system IS as follows 

Equipment needed 

- Volt Meter (Vdc) 
- Bucket filled with water 

General 

- Check the power at the terminal strip to make sure that each terminal IS reading 
the correct voltage 
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Flow Transmitter 

- Follow the recommended procedure in the manual for installing and configuring 
the Signet Transmitter 

Leak Detection Sensor 

- First check to make sure that the unit is receiving power After the correct voltage 
IS verified make sure all connections are secure Placing the bucket of water 
underneath the float sensor, raise the bucket until the sensor actuates the limit 
switch and the beacon IS illuminated 

0 High Level Sensor 

- First check to make sure that the unit is receiving power After the correct voltage 
IS verified make sure all connections are secure Placing the bucket of water 
underneath 'the float sensor, raise the bucket until the sensor actuates the limit 
switch and the beacon is illuminated 
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OU 7 Leachate Seep Design 

9/21/95 

Objective: Treat contarmnants whose mean concentratlon rn OU 7 seep water exceed 
applicable or relevant and appropnate requlrements (ARARs) The remediation goal is to 
stnve to meet ARARS As an lntenm action, all ARARS do not have to be met 

Contaminants of Concern: Table I presents the summary stahmcs for the OU7 seep 
(SW097) The followrng andytes are identdied as contammants of  concern (COCs) 
because theu mean concentrations exceed the ARARs 

Metals 

- Alurmnum - Figure 1 presents measured alumurn concentrations over tune 
The value for 2/13/90 of 26,900 pg/L is an outher and can be ignored The 
mean value excludmg th~s outher is 1523 p& The ARAR for total alumurn 
is 87 &L The mean dissolved Concentration is 58 pg/L 

- Manganese - Figure 2 presents measured manganese concentrations over tune 
The ARAR for manganese is consistently exceeded There appears to be a 
skght downward trend over the penod the data was measured The mean total 
concentraQon is 1623 &L, The ARAR for total manganese is 50 pg/L The 
mean dissolved concentration is 1582 p g L  Manganese IS naturally occumng 
m the enwonment and concentrations above background are not necessaniy an 
rndication of contarmnation Manganese should not dnve the remediation 

- Zrnc - Figure 3 presents measured mc concentrations over tune The 2/ 13 190 
value of 16,000 IS an outber and can be ignored The tune trend for m c  shows 
a skght but steady decrease to values that appromately equal the ARAR The 
mean value excluding the outker IS 2250 pg/L The AFUR for total m c  IS 

2,000 pg/L The mean Qssolved concentration is 1438 pg/L 

Sermvolatde orgmcs 

- 2-Methylnapthaiene - Figure 4 presents measured 2-methylnapthalene 
concentrations over tune All the samples are detemons and exceed ARAR. 
The mean concentration is 16 pg/L The ARAR IS 10 pg/L 

- Naphthalene - Figure 5 presents measured naphthalene concentrations over 
time All the samples are detections and exceed ARAR The mean 
concentration is 18 pg/L The ARAR is 10 ~PJL 

0 Volatde orgmcs 

- Benzene - Figure 6 presents measured benzene concentrations over tune The 
mean concentration is 2 pg/L The ARAR is 1 vg/L 
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- Methylene Chlonde - Figure 7 presents measured methylene chlonde 
concentmons over time The value for 2/13/90 o f  190 pg/L is an outher and 
is ignored The mean concentration is 14 &L The ARAR is 4 7 pg/L The e 

presence of methylene chlonde is not certaul There are m e  detections out o f  
twenty samples Of these m e ,  two are outhers Of the remauung seven, five 
exceed the ARAR. However, methylene chlonde is a common laboratory 
contamtnant that is frequently detected m background samples Methylene 
chlonde should not dnve the remediauon 

- Vmyl Chlonde - Figure 8 presents measured w y l  chionde concentrations over 
tune The mean concentrabon is 5 pg/L The ARAR is 2 pg/L The presence 
o f  my1 chlonde is not o f  certam Only five detemons occurred for twenty 
samples Three of these detmons occurred 111 1990, when samphg protocols 
were not as stnct These 1990 samples are not vahdated Vinyl chlonde 
should not dnve the remediation 

Design Constraints: The design flow for the treatment system will be 5 gallons per 
m u t e  (gpm) The concentraQons wdl be assumed to be the mean concentrations (The 
system wdl be able to handle larger flows and concentrations up to the m m u m  reported 
concentrations However, rncreased mamtenance may be requved under these 
condmons ) The treatment system must be a passive system There IS no electncal semce 
to the site The system must therefore be either grawty-dnven, solar-powered, or 
generator-dnven Of these three, grawty-dnven is the cheapest and the most mamtenance- 
f?ee The system design should stnve to mmxze construction costs, operatmg costs, and 
mamtenance costs Wastes generated &om the treatment of seep water vnll be disposed of  
m the Present Landfill The system’s operatmg Me is estmated at two years, although 
salvage of some system components to use dunng the 30-year closure penod is possible 

Treatment Process Selected: Carbon absorption was selected as the pnmary treatment 
Sedtmentation was selected as a Pretreatment for carbon absorption 

System Configuration: Water is collected m a perforatedPVC pipe dram and discharged 
to a setthg basm Water is discharged from the setthg basm to the reactor tank, where it 
undergoes filtration and granular activated carbon (GAC) treatment 

Design Considerations for Collection System: The height of  the mlet pipe to the 
setthg basm must be maxlrmzed to m-e the head avatlable to dnve the water 
through the treatment system The PVC h e r  IS placed appromately 2 5 feet below the 
pipe mvert to help collect water just below the exlstmg seep location Water flowmg mto 
ths h e r  wdl have an upward flow component, just lrke water m an aqutfer below a 
partially-screened well The collection system should not requue mamtenance over the 
two-year project Me Cleanouts wdl be prowded u1 case clearung is requued 

Design Considerations for Settling Basin: To prevent fouhg of  the GAC media, GAC 
manufacturers recommend pretreatment of lnnuent water by passing it through a 10 
mcron filter The settlmg basin is designed to remove particles greater 10 mcrons to the 
extent feasible 
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The seep water has a mean total suspended soltds (TSS) concentration o f  145 m@L, wth 
the measured range of concentrauons 10 to 210 mg/L Table 2 presents the calculations 
for s m g  the settlurgbasm Based on these calculations, the rmnunum depth o f  the 
setthg barn is 4 4 fett to the mvert of the setthg basm outlet The m m u m  area is 
60 1 ft’ For a 5 gpm flow wth a TSS range o f  100 to 200 mg/L, ths sue results rn TSS 
outflow concentrabons o f  30 to 42 mg/L, respectively Th~s remsunrng TSS should consist 
m d y  of partxles smaller than 15 rmcrons (see Figure 22 5, Urbonas and Stahre, 1993, 
attached) At 5 gpm and an uutid TSS of  145 m&, the bulldup m a tank of  thls slze is 
0 9 feet over a two-year penod The setthg basrn should not requlre clean-out over the 
two-year operatmg life Ifcleansut is requxed, the outlet pipe valve should be shut and 
the sedunents pumped fiom the bottom One day should be allowed for setthg before the 
outlet pipe is turned on agam 

Design Considerations for Filtration System: A bag filtration system is mcluded as the 
fist process m the treatment tank The filter housing can accomodate filters o f  different 
hole sues h b d  head losses across commercially avadable bag filters are appromately 
0 25 psi As the filter operates, the head loss mcreases The passive system has 
approxunately 4 feet o f  head avdable, or 1 7 psi No vender information is avdable for 
the filter capacity at 1 7 psi The filter capacity at 35 psi is on the order of  2,000 p of 
partrcles (for each one of the two filter housmg) At 1 7 psi, the capacity would be a 
framon o f  that value If the capacity is 200 gm of particles per housmg, at 35  mg/L TSS, 
5 gpm, and 50% capture, the capacity would be reached rn appromately one day Table 
3 presents thrs calculation for a 2 housmg bag filter Agam, there are no specrfications 
avdable regardmg filter capmties at 1 7 psi The filter chosen is a hgh capacity filter 
wth two housmgs m parallel Bag filters have lower head drops than cartndge filters 
The filters can be used uutially wth 10 rmcron bags If the required changeout time is too 
frequent, the filter can be used wth 20 mcron bags 

Note the hgh-level rndicator m the s e h g  basm is designed as an alarm to mdicate that 
the iilters have plugged and requlre changeout 

Design Considerations for Granular Activated Carbon System: The conceptual 
design presented a carbon-based media placed 111 a tank between gravel layers for d o w  
and outflow The current design uses m e a d  55-gallon drum reactors that are 
commercially available Th~s configuration wdl result rn vastly decreased costs for carbon 
change-out Table 4 presents the design calculations for the GAC system The actual rate 
of &on usage wth respect to the breakthrough of each compound cannot be known wthout 
large scale tesang or, more kely for OU 7, actual operaaon of the system However, the 
theory and prachce of amvated carbon absorpaon support the concept that specles that are not 
weil absorbed can break through whde absorpaon capmty IS r m e d  for easliy absorbed 
spectes GAC manufkcturers and vendors support the followmg prermses (1) the 
breakthrough of poorly absorbed compounds does not si@cantly affect the absorphon of 
better absorbed compounds, (2) more easdy absorbed molecules can drsplace already absorbed 
molecules of compounds that are not well absorbed, and (3) the carbon usage as calculated for 
each mchndual specles is a good mt~al emmate of the carbon usage for that pmcular speaes, 
although actual breakthrough wdl o m  more quickly than mdicated by the isotherm The 
appkcauon whch is lntended at OU 7, whch is to let some compounds break through that are 
below ARARS, is a relauvely common water treatment process Carbon usage for the 
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trmbnent process IS uncatatn. Theoretical isotherms mtficate that certaun compounds 
(doroethane m particular) wiU break through UI days or weeks The first compound that 
exceeds its ARAR to break through (baurne) should take a few to wed months to break 
through There are two change-out opt~ons (1) change out only the first drum, placmg a 
new drum as the final drum (would be rqulred once every two months), and (2) change 
out all three drums drum (would be requved once every three years) Option 1 should 
mhmze carbon costs, whde optron 2 should mumme labor costs Smce the reactor wdl 
be governed by c o h e d  space entry requrrements and rnachmery vvlll be requlred for 
drum change-out, optton 2 will probably be cheaper 

- 

The operations plan should rnclude penodic samphg before the thxd GAC drum 
Breakthrough for the second drum can be detected and breakthrough for the thud drum 
can be m a t e d ,  allowmg drum changeout before breakthrough of the thud drum occurs 

Expected Treatment Efkiencies: For Orgunrcs Volatlle orgaxuc compounds and 
semvolatile orgmc compounds should be removed to below detection huts untd 
breakthrough occurs Vinyl chlonde wdl break through relatively quickly if the mean 
concentrations are present However, the presence of m y 1  chlonde is not certam Vmyl 
chlonde is very volatde Some removal may occur m the setthg basm It is 
recommended that the breakthrough of m y 1  chlonde be tolerated wthout carbon change- 
out Carbon changesut should occur wth the breakthrough of benzene 

For Metals- Signtficant reductions m alumurn and nnc concentrations should occur 
through the sediientaQon process Dissolved concentrations of  metals are based on 
samples that pass through a 0 45 rmcron filter The sedunentation process should take out 
most partxles greater than 15 mcrons The concentrations d e r  the sedunentation 
process should be somewhat greater than the dissolved concentrations The sedunentation 
process should succeed 111 meetmg ARA& for nnc The ARAR for d u m u m  may or 
may not be met The efficiency of the system for remowng manganese is hghiy 
questlonable Over 97 percent of the manganese is dissolved The manganese most lrkely 
exlsts 111 a stable dssolved oxlde form The sedunentation and GAC processes are not 
hkely to remove the manganese The drscharge concentrations of manganese vlrlll most 
hkely exceed the manganese ARAR As stated before, the presence of manganese should 
not dnve the remediation 

Biocide and Scale Prevention: A commercially avdable biocide and scale preventer WLU 
be gravlty fed into the system at the settlurg basin lnfluent 
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Table 2 
Calculation of Settling \lelocities for Particles and Sizing of Settling Basin 

Calculation 4:  Basin Volume ustng Settling Velocrty from Stokes' Law 
\ 

Settling Veloaty (from Stokes' Law, Thomann and Mueller, Pnnclples of 
Surface Water Modeling and Control, Harper Collins Publishers, 1987) 

d = diameter of particle, um = 5 10 
1 57 1 42 rho, ' = density of particle, g/cm3 = 

rho = density of water, glCm3 = 1 1 
v. = settling veloaty, m/day = 0 48 1 40 

V, = 0 033634 (mO, - mo) d2 

50 
111 

1 
9 43 

Empirically, rho, = 2 0 d l3 1 

Another empincal study notes that settling veloctties of lacustnne and manne particles 
are up to an order of magnitude higher than Stokes' veloaty 

Settling veloaty based on Stokes' veloaty for 10 um particle is 1 4 &day 
Larger particles should have greater settling veloclties Stokes' veloclty should 
underestimate the settling velocity 

1 TSSl XLS Settling Basin 



Table 2 
Calculation of Settling Velocities for Particles and Sizing of Settling Basin 
Calculation 1: Basin Volume using Settling Velocity from Stokes' Law (continued) 

Hazen's Surface Load Theory (Urbonas, Ben, and Stahre, Peter, Stormwater, Best 
Management Prackes and Detention for Water Qualrty, Drainage, and CSO Management 
PTR Prentice Hall, 1993 ) 

L -  I '  

Q (gpm) 5 gpm 
Q (m'lday) 27 3 m'lday 

I 

A = W * L  

V = A * D  

T = V / Q = (A * 0) I Q 

Where 
A =area 
W = wtdth 
L = length 
V = volume 
D = depth 
T = time for flow to pass through the basin 
Q = flow rate 

For a particle to settle to the bottom as it passes through the basin, 
its average descent velocity must be at least 

v ,=D/T  = Q / A  

I vc T -  1 4lm/dav I(from calculation above) 

1 I 

 minimum^= I 19 5Jm2 I 

Turbulent flow can cause resuspension and reduce removal to only 60% of particles 
To reduce turbulence, average basin depth should be no less than 3 5 feet (suggested 
depths 5 to 12 fee!) 

Assume D = 4 R =  1 2 m  

T = (A D) I Q = 0 87 days = 21 hours 

2 YSSl XLS Settling Basin 



Table 2 
Calculation of Settling Velocities for Particles and Sizing of Settling Basin 

Calculation 2: Bastn Volume Based on Empirical Data 
i 

Studies of settling times and % removal based on initial TSS produced the followng results 
From Urbonas and Stahre, Figure 22 9, p 335 

I Settling Time I lnttial TSS I I Final TSS 
(hours) 

2 
6 

24 

(mg/L) % Removal I (mm) 
100 581 42 
100 70 I 30 
1001 831 17 

I 
_ _  - .  

48 I 1001 90 I 10 
I 1 I 

6 
24 
48 

200 79 42 
200 86 28 
200 90 20 

A swhour settling time results in a final TSS in the range of 30 - 42 mg/L (down from initial 
range of 100 - 200 mg/L) 

\ 

Let T = I 61hours = I 0 251days 
I I i 

Q (gpm) 51gpm I I 
Q (m3/day) 

I I I 
27 3 1 m3/day 

, I I 

6 8 m 3 =  2404 V = Q ' T =  

Depth, D 1 2 m =  

t 

I 

ft3 

4 f t  

I 

IArea, A I 561m' = I 60 llf? 1 

3 TSSl XLS Settlinj Basin 



Table 2 
Calculation of Settling Velocities for Particles and Sizing of Settling Basin 

Calculation 2: Basin Volume Based on Empincal Data (continued) 

(mgA.) 

145 

Volume of Settled Particles per Day 

1 T S S C ~ ~ ~  I I Flow I TSS IC O ~ v e ~ i o n  1 TSS (cm3 I TSS I 1 
Flow (gpm) (Ider/day) ( mg/day) ( mg/ cm3 /day) (Iiterdday) TSS (ft3/day) 

5 27288 3956760 1825 21 68 2 17 0 08 

r 
TSS TSS TSS 

TSS (1 day) (lyear) (2 years) (3 years) 

If density of settled particles IS midway between that of water (1 000 mg/cms) and that of 
a solid soil particle (2650 mg/cm?, or 1825 mg/cm3, the volume of settled TSS 
per day IS 0 08 d 

\ 

Volume of Settled Particles for Different Time Penods 

Volume (ft? 
Tank Area (ft') 

t 

0 08 27 9 55 91 83 8 
60 60 60 I 60 

I 
Depth of Settled 
Particles (ft) 0 001 0 5  0 9  1 4  

Depth of settled particles is 0 9 feet after 2 years If minimum depth for settling basin is 3 5 feet, 
then minimum design depth should be 4 4 feet to bottom of outlet 

4 TSSl XLS Settllng Basin 
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Table 3 
Design Calculation for Bag Filter 

5 

8/28/95 

I I I I I 
TSS Filter 

captured capaaty Time 
(g/day) (2 housings) between 

(assume at 1 1 psi Filter 

(Uday) =flu=) (a (days) 
Flow 10% (estimated) Changeout 

Page 1 FILTER1 XLS Filter 



Mean 
Concentration 

Compound K 1M (mgR) % sorp 

sage 

Carbon 
lW24 
hours 

Assumptions 
Data generated by theorehcal liquid phase adsorption isotherm prediction 
K = intercept of adsorption isotherm wth the axis (log-log plot) 
N = slope of the adsorption isotherm (log-log plot) 
System assumed to be at 70' F and 760 mm Hg using carbon with 
a pore volume of 0 70 mug 

Carboddrum Usage/day 
(1 bs) (Ibslday) Dayddrum 

200 0 53 377 

Flow rate is 5 gpm 

Dayd(3 drums) 
1132 

K for 2-methylnaphthalene is not available, carbon usage should be 
similar to that for naphthalene 

qo 8128195 
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2. Product Specification Sheets for Bag Filters 



Bag filter shall be Rosedale 82-30-2P-2-150-N-S-D-B-S-B 
Where 

- 82=Model82 

1 

- 30 = 30-111ch housmg 
- 2P = 2-mch FPT d e t  and outlet 

- 2 = side outlet 

- 150=15Ops1 
- N = No ASME code stamp 

s = 304 staldess stet1 - 
- D = displacer 
- B = Buna N cover gasket 

- S = basket seal (requued) 

- B = filter bag basket (filter bags shd be 10 mcron or 20 rmcron) 
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ROSEDALE 
PRODUCTS, INC. 
P.O. Box 1085 Ann Arbor, MI 48106 
Tel800821-5373 or 31 3-665-8201 
Fax 31 3-665221 4 



d 
DUAL CARACITY BAG FILTER 
A N D  BASKET STRAINER 
Extra capacity at higher ff ow rates! 

1 

Rosedale dual capacity housings can serve 
as either basket strainers or bag filters Cove1 
are easiiy removed, Hntfiout tools, and the 
basket or bag is quickly and easiiy deaned or 
replaced. Rosedaie’s bag-srzed pleated car- 
tndges will p m d e  even greater dtrt-holdmg 
capacity (see Catalog PLTD-100). 
Low p r i e ,  greater dirt holding capacity, 
and higher flow rates make the Model 82 
a very costeffcient choice! 

FEATURES 
For flow rates to 440 gpm 
Large-area, heavy-duty baskets 
Dual stage stmninghttenng 
Low pressure drops 
Pennanently-ptped housings 
Covers are 0-nng sealed 
Carbon steel or stainless steel (304 or 
31 6) houslngs 
Housings are electmpolished to resist 
adhesion of dirt or scale 
Adjustableheight legs 
ASME code stamp amiable 
Liquid dtsplacers for easier servicing - Special opbons include sanrtary 
construmon, higher pressure rabngs, 
extra-length legs, and heat jad<et~ng 

rs 



Strainers 
or Bag Filters: 
Your Choice! 

Rosedale stralnerfilter housings are made 
In many dzes, and all can serve as basket 
strainers (for parbde retention down to 74 
micron size) or as bag filtem (for w e  re- 
tent\on down to t micron site). In all case6, 
covers are easlly removed, mthwt tools, 
and the basket or bag is easily deaned 
or replaced. 

FEATURES 
largearea, heavyduty W e t s  
Lwv pressure drops 
Howlngs are permanently plped 
Covers are Onng sealed 
Ceubon steel, o( stainless steel (304 or 

. All housings are electropdwhed to resst 

Adjustableheight legs, standard on 

Easytoclean 
ASME code stamp for 150 or 300 psi . Liquid displacers for eader smmng 
Special optrons ifdude filter bag hold- 
down devlces, sanitary ConStructm, dtf- 
ferent outlet connections, higher pres- 
sure ratings, extra-length legs, heat 
jacketing, and adapters for 
holding filter cartndgeo 

4 Mubplebasket and duplex 
unrts are available 

316) housings 

adhedon of dirt and scale 

Models 6 and 8, optmal extra on Model 4 

Dual Stage Stnlnlngl Rttering 
M FbsecMe Modd 8 h d n g s a m  
be irpplled with a soand. Inner 
basket whkh is ropported on uw 
tw ffanoe of the regular baskeL 
Bath W o r n  un be ctralnen (mth 
or WHhOut w(ro mesh U n b )  or both 
cpnbebasketSforfitMbags They 
can also be mxed. one a sbalner 
besksc the other a Mer twg basket. 
Ou9Crtage adon wilt twrease 
stratner 01 filter Ide and red- 
8 m n e e d S .  

2 

c 

c 



I 1 

Operation 

Unfiltered liquid enters the housing obou, the 
bag or basket and passes dom through them. 
Solids am contained Imlde Uta bag or basM 
where they’re easily and completely rerncmd 
when the unlt Is rervlced. A hlnged basket ban 
Is pushed dawn bythe domi iwuur,tohddthe 
bseket agalnut a poatlvu E p 111 the houslng. H 
hdpe prevent bypasslng of unfiltered liquid. 

Fluid bypass around the basket ts prevefit6d 
by an opW M n g  seal betweem the basket 
rlm and the houslng IO. Thls seal Is required on 
Madel 8 bag h”8 .  Modd 4 and 6 bag MerS 
don’t need thla Wing because the OD ofthe 
lifter bag naab agcunet the housing Itself. tather 
thM agalnattho ID afthebeeko(r&n 

A rlngle cow gasket I8 UW to seal the 
openlng, and cowm can be Installed and remw 
ed mthout look 

’ Llquld Dlsplacer Option - 

f 
All strainen or filters can be supfled vvlth a 
liquid dspiacer. When In use the displacer (a 
sealed 304 rtalnless steel cylinder) is Inside the 
stralner basket or filler bag, displadng lqvld that 
would othewe fll the hner space When the , 
cover and dlsplacer are removed, the level of w9 .. 
liquid within the strainer basket or fitter bag & 
lowered wtrfch resub In less produd loss, and 
fast, easy changes. 

If the welght of the coverdlsplacar assembly 
is 8 concern (fit3 heaviest, on a Model 8-30, Is 
28 pounds) you can easlly detach the doplacer 

Construction MaterIals 
An housings and other welted parts not other. 
we speafied can be ordered VI carbon steel 
304 stainless steel, or 316 stainless steel. 

Four different materbls can be ordered lot 
all seals kwotved 

All baskets and mesh linings are made of 
stanless steel 304 stanless mll be supplied 
with carbon and 304 housings. 31 6 stamless 
mth 31 6 housings 

Convenl e nt Pi pl n g 
Arrangements 

I 3 



SINGLEISTAGE BASKETS 
(all modeb) 

I 

TWO-STAGE BASKETS 
(Mobsl8~lYl 

4 

3832887843 WE005 - 



ALLSTATE F I L T E R  

16 ' a7 23 SQO 
30 a7 4 4  (ooo 

6 

3832887843 P a  66 

3832887843 



STYLE 2 

OUT 

STYLE 3 

IN IN 

- 
EYENUT COVER c1 I 

CLAMP COVER 

UUN 
NPT PORT 

c, 

6 

3632887843 



CILLSfLlTE FILTER  3632867843 P. ea 



OUTLET m u  
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ROSEDALE PRODUCTS, INC. 
Box 1085, Ann Arbor. MI 48108 
Td 3136658201 Fa~.313665.2214 



3. Product Specification Sheets for Granular Activated 
Carbon Drum Filters 



D/sposABfE DRUM F/LT€RS 

V-SO V-200 V-400 SPEC@XCATIONS L-50 
12 PSI 12 PSI 12 PSI Workmg Pressure, Max 12 PSI 

75 CFh4 1OOCFh4 300CFhl Flow Rdte, Max 7 GPM 
c 15" < 15" < 15" A P (In H20 @ 70 OF) e IO" 

Y t S  Y C 5  NO - \Pgvc3&Jng - Yes 
NO Yes Yes Sceel C u n g  - N O  

N/A EPOXY EP@XY Linmg (Steel) NIA 

VAPOR PHASE 

L-180 L-360 
13. PSI 12 PSI 

10 GPM 20 GPM 
< 5' < 15" 
Yes YeS 
Yes No 

EPOKY EQOXY 

LIQUID PHASE 

50Ib 1 2 0 0 l b  220 Lb Carbon Fd1 Volume I 50 Ib 180 Ib 

22" 1 36 35" Ileishc 28" 36" 
2" NPT I 2"NPT I 2"NPT In/Out Comccrlons I 2" NPT 1" NPTh-, 

) fhe NWC h e  of dlsposabie adsorpaon drum fdters 
arc constructed of heavy duq steti or rugged Poly 

casings Acuvated carbons by I W C  arc etfective and 
economcal m the removal ot orgsnlc conurninants 
for bo& liquid and vapor phase zpppllcatlons Each 

cauter  IS D 0 T aflproved as a urnport conramer 

360 Ih 
2" NPT 

38" 

to TSD facilities for regcnerationldispos~i Uses 
include small s p a ,  pdot and step LCSCS, low ~olume 
pump and treat, discharge permit compliance. small 
remediation projects, emergency response, mobile 
units standby preparedness arid rmny others EnVC 
provides complete pick-up and disposal serviceh 

, 

~~~ 

16" 
57 lb 
114 Ib 

-~ 
24 " 1 -  27" Diameter 16" 24 " 27 " 

250Ib 1 220Ih Shiupmg Weight (dry) 58 Ib 230 lb 420 16 
840 Ib SWIb 1 Y20Ib Shipping Weight (Wet) 116 lb 460 Ib 

I -  . 
RED BLUFF P 0 Box 130 Red Eluff CA 9ti0800130 Tei 916-527-2664 Fax 916-527-0544 

1702 G u e r  A \ e  Inme CA 92714-5706 Tel 714-252-8555 Fax 714-252-8554 
\ \ F : h A  P o  RoT ij" ll$,. l * , - - l  t- * - -- - 



THE FOLLOWING VATA HAS BEEN GENERhTED BY TtlEORETTCAL L l Q U I U  PHASE AD$ORk'IlON 
ISOTHERM PREDICTION. THE CARBON CAPACITIEE (TU SATURATION) HAVC BEEN USED TO 
COMPUTE THE CARBON EXHAUSTION RATE IN CfW24 HR DAY FOR A SYSTEM A T  IOF 7h0 mrn 
Ha USING A CARBON WITH k PORE VOLUME OF 0 . 7 0  mlig.  

THE rLOW fiAfE IS 6 GPH 

IF YOU i iAV€ AN';' QUESTIONS TLEAbE GIVC HE R CGLL 

BEST RECARDCI, 



4. Design Calculations for Head Loss in Pipes 



I OU 7 Passive Collection and Treatment System Head Loss 
I I 1 I I 

Ball Valve 

Total Eqwalent Length of r Pipe (R) 

I I I I 

I 51 
Pipe m e r  drameter (mches) 21 
Roughness Coefliaent C I 1401 

I 

1 1 1 

197 6 

I I I I 

Length of pipe VI System, not tndudtng filters; or GAC drums 
I I 

I Eqwolence 

I I 

I 

Hazcn and Williams Formula 

I I 

I 

I 

Where 

d as 90 deg elbow) I 131 I30 IAsahJAmenea Inc Engineenng Desgn Guide 
41 31 12 [ M A m e n c a ,  Inc Engineenng Deslgn Guide 

I 

1 C = roughness coeffiaent I 
q = now rate (gpm) 
d = made diameter of pipe (inches) I 

I I 

Head Loss, tt (ft) in Z-cnch pipe 0 1481 

. .  . \ I  J 

Head Loss in GAC Drum (2 inch/drum) 

Head Loss in Clean Filter (0 1 pa) 

0 500 Herman), 6l23195 

0 231 Herman) 6f2395 
I I 

Tdephane convefsabon Northwestern Carbon, (714)252-8555 (Davld 

I I 

Total Head Loss in System (clean) (feet) 1 0 8791 1 

Page 1 HEADLOSS XLS Fncbon C a b  



5. Assumed Soil Loadings 



To* Project File 

From: Kieth Fieblg, S.M. SmIler 

Subject: Assumed Sod Laadings for Seep Collechon and Treatment System, OU7 
RFEI'S 

Date: September 12,1995 

We do not have actual field geotechnical data for site condhons; however, we are assummg 
field condihons. 

- Actwe Latcral Earth Pressure 

- Surcharge from Mnde, construmon 

52 pcf 

and operahod loads 125 psf 

- Sod Compacted Dry Umt Waght 

- Sod Compacted Wet Umt Waght 

105 pcf 

120 pcf 

) Attached are the calculahons for the actwe earth pressure. 

References: 
Foundahon Engmeenng Handbook, edm3 by Hsai-Yang Fang, 2nd Edmon, 1990 . 
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6 1 AT-REST LATERAL P R E S S U R E S  

I At-rest pressures exist in level ground, and develop under 
long-term conditions as the soil is deposited and acted upon 
by changes in the loading environment as caused by erosion. 
glaciers. and physicochemical proasses At-rest pressures 
ngorously only apply for walls that are placed into the ground 
with a minimum of disturbance and that m a i n  unmoved 
dunng loading. or for unmoving, fnctionleu walls wth a backfill 
placed with a minimum of compactive cKort In practice such 
conditions are rarely achieved However. at-rest prcs~ura arc 
still useful in design as either a baseline against wluch other 
pressure states can be judged or as an assumed conservative 
choice for the design loading 

At-rest effective lateral prcssum are often assumed to lollow 
a linear distnbution (Fig 6 2). with the eKective lateral presturc 
u, taken as a simple multiple of the vertical cffcaive pressure 4; 

4 = KO(4) (6 1) 

In homogeneous. dry soil with a constant KO and m t  werght, 
both the vertical and lateral prestures are linearly bnnbuted. 
With the presence of a water table, the at-rest pressure 
distnbution exhbits a break in slope at the iwam table, 
reflecting the use of submerged unit weights co dctennrne 
vertical effective stresses (Fig 6 2) 

Our early concepu of the parameter KO wen fonned on the 
basis of normally consolidated soils Jaky (1944) proposed a 
relationship between KO and the draned fnctton an& for 
normally consolidated soils 

KO = 1 - sin 4' (6 2) 
Numerous studies have confirmed the general validity of ths 
empincal equation (Brooker and Ireland. 1965. Mayne and 
Kulhawy, 1982) However. results from laboratory cxpcnmcnu 
and in-situ tcsu have shown that the KO value also vanes as 
a function of overconsolidation ratio (OCR) 2nd strcss history 
For the case of a soil that has been subjected to one or more 
cycles of unloading, Schmidt (1966) proposed that KO can 
be determined as a function of its value in the normally 
consolidated state using the relationship 

KO. = KO*( OCR)' (6 3) 
in which KO, is the coefficient for unloading, K, is the 
coefficient for the normally consolidated soil. and a is a 
dimensionless coefficient Expenmental data have confirmed 
this relationship. and Mayne and Kulhawy ( 1982) showed that, 
for most soils. a can be taken as sin 4' 

Soils that arc overconsolidated and arc in the proms of 
being reloaded pose a difficulty in that Equation 6 3 does not 
apply For this condition, a more complex equaoon IS needed 
as well as a full knowledge of the stress history of the soil 
(Mayne and Kulhawy. 1982) For practical  purpose^ it may 

Stress 
rm 

TABLE 6 1 rYP tCAL  COEFFICIENTS OF LATERAL 
EARTH  PRES SURE  AT R E S T  

Coeffmenf of laferal Earrh Pressure 

Sod rype OCR = 1 OCR = 2. OCR - 5' OCR =* 10. 

Loose sand 0 45 0 65 110 1 50 
Mediumsand 040  060 1 05 1 5 5  
Dense sand 0 35 0 55 1 0 0  1 50 
Silt 0 50 0 70 110 1 60 
Lean clay CL 0 60 0 80 1 20 1 6 5  
Highly plastic 0 65 0 80 110 1 40 

clay CH 

Unloading cycle 

be enough to know that the KO dunng reloading falls about 
halfway between that for unloading and normally consolidated 
conditions Also. KO might be directly determined through 
in-situ testing methods 

Table 6 1 praents typical values for KO for a subset of soils 
For other conditiow KO values can be determined directly 
from Quations 62 and 63. and/or using in-situ testing 
techniques. 

Because the KO value in a grven sod often vanes with depth. 
and the soil types themselves may change with depth, the at-rest 
lateral pressure dstnbution is typically not linear as shown 
in Figure 6 2  Self-bonng pressuremeter tests in clays with 
overconsolidated profiles induced by desiccation have demon- 
strated that the KO under such conditions decreases with depth 
in the soil deposit and reaches a steady state where the 
desiccation effects are no longer prcscnt (Clough and Dcnby, 
1980) 

6 2 ACTIVE A N D  PASS IVE  LATERAL EARTH  
PRESSURES 

Most walls move, either by global shifting or by local 
deformations These movcmcnts cause adjustments to occur in 
the earth loads and the prcssurc distnbutions Convcntional 
means for assessing the effects or system movements are to set 
them into the context of extreme conditions These are referred 
to as the active and passive earth prasurc loadings 

6 2 1 Active Pressure 

Assuming that a gravity wall with no  fnction on its lace is 
translated away from a soil mass that is initially at the at-rest 
condition then the soil mass adjaant to the wall will pass 
into a failure state as shown in Figure 6 3  At this siagc the 

sirerr 
Y 

Fig 6 2 At res1 wnh pressure dtsiribuiion-homogeneous soil 
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Prim Follure Zme - /  

-2c& 
1 H n 

c - U  1 

( d )  ( e )  

Fig 6 3 Active pressure-frictionless wall (a) Frictionless wall 
moves away from backfill (b)  Stress state in active failure (c) Active 
failure zone (d)  Theoretical active pressure distribution (e)  Water- 
filled crack in tension zone 

, I  fails with the venical stress unchanged from its onginal 
value, but with the lateral pressure decreased to a minimum 
value that can  be defined using the Mohr-Coulomb failure 
cnterion The miiiimum lateral pressure is known as the active 
pressure; and denoted by the symbol pa It is desirable to reach 
this condition if possible. ma i t  reduces the amount of load 
that the wall will have to carry while allowing the soil toshare 
in the load-beanng process 

For the frictionless wall with a level backfill. the active 
pressure can  be calculated from the geometry of the Mohr 
diagram in Figure 6 3 by the equation 

P. - k.YZ - 2CtcJi;: ( 6 4 )  

where k, = tan2(45" - 4/2), and is r e f e d  to as the active 
pressure coefficient Other terms are y, the unit weight, $. the 
friction angle c the cohesion. and z. the depth below the 
ground surfacc The distnbution of active prruure as shown 
in Figure 63 is linear If the soil has a cohesion component 
the soil IS in a state of tension of a depth of Z r / y J k 7  Ordinanly 
it should not be assumed that this portion of the diagram will 
act on a wall but rather that a tension crack will form to this 
depth and fill with water which then exerts a positive pressure 
on the wall 

Equivalent Fluid Unit Weight If the backfill is composed of 
cohesionless soil as is often the case. then the active earth 
pressure equation reduces to 

P. = k.YZ (6  51 
is can also be written as 

where the term y,, is known as the equivalent fluid unit weight 
for active pressure loading. and equals k,y This term IS often 
used in design and i t  should be r u l i z d  in using it that the 
simplifying assumptions used in the denvations of thls point 
are also incorporated in the equivalent fluid unit weight conccpt 

Surcharge snd Nocrhomogeneous Conditiom Dcsign conditions 
often call for incorporation of a surcharge on the ground surface 
adjaant to the walL In the case of a fnctionless wall, the 
active pressure due to soil weight and surcharge, as shown in 
Figure 64. can be calculated using the equation 

P. = k , ( V  + q,) (6 7) 

where q, is the surcharge pressure 
Where a water table is situated above the bottom of the 

wall. or the soil involved is nonhomogeneous, Equations 6 4  
and 6 7  can be used if the proper allowana is made for the 
submergence effect and the changng properties for the soil 
layen Figure 6 5 dlustrates thcse considemuons for cohesionless 
soil 

Force Polygorr Solotroll for Acnve h d t -  The equations 
presented to thu point are limited to considerahon of relatively 
simple condiuonr More complex condttions can be included 
unng a foru polygon analysis b a d  on assumed kinematic 
falure mcchanrsms developing in the SOIL One of the more 
important conditions that can be considmd in thls way is the 
case of fnchon developing between the wall and the soil as a 
result of relative movements between thcm Figure 6 6 illustrates 
thls situation for the case of a wall translating away from a 
homogeneous soil 

Assuming a straight-line failure surfacc in the backfill as the 
wall moves away from thesoil. theequilibnum of the soil wedge 
bounded by the wall and the backfill failure surfaa can  be 
examined in the foroc polygon in Figure 6 6 The fora E required 
to maintain equilibnum is exerted by the wall In the most 
general situation, the critical value of the fora between the wall 
and the soil IS found by working with tnal slopcs of failure 
wedge until the maximum value of the stabiltrrng fora  € is 
obtained 

For relatively simple conditions where the soil backfill is 
level and the wall f a a  is vertical. the inclination of the failure 
surface in the soil that yields the minimum earth loading is 

45" + 4 /2  to the honrontal Under thae conditions. if wall 
fnction IS zero, then the kinematic fora  polygon procedure 
yields the same answer for the active load as Equation 6 4 If 
the wall friction is positive in the sense shown in Figure 6 6 
then the active loading for most cases is slightly reduced from 
the case of no fnaion More importantly. the vertical shear 

f qs 

c 10 

+ Y  

S lress 

I 

I 

Fig 6 4 Fnciionless wall with surcharge 
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S i r r r  

X B 
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2 

/b) 
RQ 6 5 Acnve psaures for fnctionkss wall tn pmmca of ground- 
water table and nonhomogeneous r a i l  conditions (a) Groundwater 
table (b) Nonhomogeneous cohesionless so11 

Irce that IS generated helps to combat overturning and 
increases the rcsrstana against sliding of the wall 

A gened formula can bc developad for actlve earth load 
amng on a wall for the case of a homogeneous soil backfill 
mth arbitrary degrees of wall fnction, wall slope, and backfill 
surface slope Assuming that the failure surfaa in the backfill 
LJ a straight line, the formula is as shown in Figure 6 7 In the 

woii -Backfill System 

Fore. Polygon 

Fig 6 6 Force polygon soluiion for MNO loading 

m 

Fig 6 9 Closed-fon solution fw active earth loading, rough wall 
sloping wall lace and backfill 

event of relatively complex backfill or wall geometna or 
surthargc conditron$ then the exact failure surfaa that ydds 
the minimum earth load cm be found by a tnal p r o a d u n  
A number of refemas descnbc thn proccy  and exampla can 
be found in the onpnal ahtion to thls handbook. 

Furcber Comments om Active Lord Determinatioos The 
lununatic analyss m Figure 6 6 assumes that the failure surface 
LS a straight line In fact, in the most general case of a soil whose 
failure as governed by a Mohr-Coulomb cntenon, and which 
has a fnction componcnk the correct failure surface under active 
conditions consists of a log spiral. as shown in Figure 6 8  
However. in the active state. the log-spiral shape IS reasonably 
approximated by a straight line. and the resultant load predicted 
using the simple straight-line failure mcfhannm is mthin 
10 percent of that obtained with the more exact log-spiral 
mechanism 

Table 6 2 presents values for the active pressure coeffiacnt 
that allow calculation of the active loading resultant as shown 
for conditions where wall fnction. sloping backfill and a sloping 
wall face cxisi Thcx coefficients arc bawd on the log-spiral 
failure surface assumption A graphical format for the active 
pressure coefficient from the log-sptral analysis that is useful 
for many practical problems is given in Figure 6 9 I t  assumes 
a vertical wall f a a  and honzontal backfill For conditions 
encountered that deviate from those described In Table 6 2 or 
in Figure 69, the tnal procedure can be used assuming 
staight-line failure surfaces in the soil 

Spirol failurr Surfocs 

Fig 6 8 
for active condriions 

Comparison of log-spiral and straight line failure surfaces 

$2 + 
A 

't 

I 



TABLE 6 2 VALUES OF k. FOR LOG SPIRAL 
FAILURE SURFACE. 

4 dw 
u $ D  

deg dag dag 20 25 30 35 40 45 

-10 
-15 0 

10 
-10 

0 0  
10 

-10 
15 0 

10 

037 030 024 
042 035 029 
045 039 0.34 

OS? 034 027 
049 041 033 
055 047 040 
055 041 032 
065 051 041 
075 060 049 

031 026 0.21 
037 0.31 0.26 
041 036 031 
037 030 0.24 
044 037 030 
050 043 038 
050 0.37 0.29 
061 048 037 
072 058 046 

0 19 
0.24 
0.29 

0 21 
0 27 
0.34 

023 
032 
0 41 

0 17 
023 
027 

0 19 
0.26 
0.33 

022 
0.32 
0 42 

0 14 
0 19 
0.24 
0 16 
022 
0.28 
0 17 
025 
034 

0 14 
0 19 
025 

0 15 
022 
0 30 

0 17 
025 
0 35 

0 11 
0 16 
0.21 
0 12 
0 17 
0 24 
0 13 
0.20 
0.28 

0 11 
0 17 
0.23 

0 12 
0 19 
0 26 
0 14 
0.21 
0 31 

0 

9' 

- 
-15 

, lo  
0 

10 
, lo  

0 
10 
, lo  

0 
10 

- 
0 

- 
15 

,,,,,,,,, 

AI1 angles 
I in positive 
I 
/ 

/c 

v 1 

0 IO 20 30 40 50 

6- dmgrns 

Fig 6 9 Actwe and patuve pressure coefficients for vertical wall 
and honrontal backfill tused on log-spiral failure surfaces (Atref 
Caquof and Kertsel 1948 ) 

shown 
sense 

6 2 2 Passive Pressures 

Passive pressure conditions develop where a structure is forced 
into a soil mass This situation is most commonly associated 
with the soil located on the opposite side of the wall from the 
backfill (Fig. 6 10) Assuming that a fnctionlcts wall i t  r o d  
into a soil mass that is onginally at-rest. the end result will k 
that a portion of the soil  mass will pass into a passive failure 
condition as shown in Figure 6 11 The soil fads with the vertical 
stress unchanged from ifs  onpnd value. but with the honrontal 
swcss i n c r w c d  to a maximum value as defined by the 
Vohr-Coulomb failure cntenon The  maximum pressure is 
dcnotcd by the symbol p,. and i t  is defined from the geometry 
of the Mohr diagram in Figure 6 IO by the equation 

2c 4x 

where k, is the passive pressure uKfficient, and a n  be expressed 
3s follows 

k, = tan' (45' + $) 
' 7  Figure 6 IO the passive pressure distnbution defined by 
Cquation 6 8  is shown to be linear and in compression 
!-I-- *qhout. 

ni lom surcharge for cohesionless soils a n  be incorporated 

P, k,(YZ + 4,) (6 10) 

,quation 6 8 in  the form 

h/ 

( d )  

Fig 6 10 P a n w e  pressure-actwe wall ( a )  Fnctionlen wall 
mover into roil (b) Stress state in w i v e  failure (c) Passive failure 
zone (d )  Theoretical pressure distribution 



6. Structural Design Calculations for Concrete Vault 
(Settling Basin) 
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LOAPIN6. 

ASTM A615 

ASTM C33 

ASTMC30 

ASTM Cf36 

ASTM C143 

ASTM C150 

ASTM C I S  

A S N  C P I  

ASTM c2811 

ASTM C4W 

ACI 31889 

I llopcF 
mum Sal DaWy 

U-Q m n  1 J4-mar 
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 BUILDING COOE REQUIRE ME^ Ibr REJNFORCED CONCRETEACI Jib-(19 & ACI 318R-80 

[q-ASW STANOAR0 PCUCllCE k? MINIMUM 37RUCNR4L OESIQN LOAOINO cbr UNDERGROUND 
PREOASTCOfUCRE7E WATmANO WASEWATER STRUCNRES C890-?8(Roapprowd lS3g 

J4I-PCA OESIQN CRltERlA FORAIIK=RAR LOAOINQ llar wheclloadin~o onM S H E R H S  026 G?P A 

PHONE. 808-781 -1 109 
FAX boa-701 -1 120 c 

I I 

BO'KOM SECTION I I I 

APPUCABLE CODES' 
lj-MSHTO STANDARD SPE#IG4T]ONS Ibr HIGHWAY BRIOQES 14m EDITION 1 

NOTE: Cod. ~ Ioc t ton  Is prodicdod on mod Mngont doslon orltmda 8ndlor pracbed rn@nmorlng M h n c o  

1.99' Soil aver 
Governs for. 
Lid and Floor 



SEP 18 '95 09 4 2 R M  WlCOR FlWlIN D E N M R  P 4  

ISOtL LOA0 FACTOR BetaEsl 0 (ACI = 1 7) 1 1 701 qarnrna x 6daE 
PLAN VIEW DIMENSIONS' 1 VALUE I UNITS I 
OUTSIDE LIDBASE WIOTH 7 00 FEET 
OUTSIDE LID/BASE LENGTH 13 SOFEET 
INSIDE VAULT WIDTH 6 00 FEET 

- 

,INSIDE VAULT LENGTH 12 50 FEET 1 

ANALYSIS & DESIGN OF UNDERGROUND-PRECAST STRUCTURES WRSION 29 
I 

BASIC D EGIQN PARAMETERS AND INPU T OATA 
CODE REFERENCE5 ARE MADE WHEN APPLICABLE/OTHERWlSE BASIC ENGINEERING APPLIES I 

r . . . .  1 

pQt I INPUT TYPE OF STRUCTURE *U' for Utdtty,  *W for Water Related IW 1 
P 7 I SIZE* w 3c 12'4' x 7' 1 

FOR HS20 LOAD 

= AASHTO 8 2.1 

AASHTO a.22 
AASHTO 3 22. =2 17 

WSHTO 3 22, = 1 3  

- 
SUMMARY OF WEIGHTS AND SOIL LOAblNCS~UNFACTORED) ON COMPONENTS 

WEIGH1 COMPONENT I 'x' "TICAL bORIZ. 1 POSITION OF 'X' 1 

I I D A C E  11 
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LOAOS(P) 1 ~ P S  
IMPACT Jon 
WHEEL FOOTPRINT ON UO. 
WIDTn(PARALLa TO LONQ) Q83 FT 
LENOTH(PARAU r0 SHOFIT) r67Fr 
WUll I 46 mpsm 
CU 36 38 KIPS A 

A 

1 WHEEL 

ASTM CW7-87 
MSHTO a RP a 

3 m+1 75.DEPTH OF FILL 
1 67+17S4DEPTW OF FILL+ 

CC OMEN of WHEELS(FI 

D Innut SIZE 6. X ?r -C x 7' lll--sov 
- 

BAS10 DATA 
INSlDh VAULT WIDTH 6 0 0  CT 
INSIDE VAULT LENCITH 1250 Fr 
WALL TWICKNESS 0 INCHES 
wno, L ~ Q W  wtorcl 
ONE-WAY 8UII DE8leN: 
96 OF LOA0 IN WORT' DlReCTION 
96 Of LOAD IN LONa DIREC7ON 
8UO THICI(NE88 6 INCHES 
EHORT WAN LENGTH 

100 00% 

6 50 FEET 
1500 FEET 

MSHTO~.PI.~ i 
MbHTQ a 24 6 1 
M6HTO a.24.6.1 

SHEAR ANALWIB: WORT OtRECllON NOTES* 
I. 0 77 FT 6 0 4 C O F f i + d  iACl 11.1.6.1 

b= 

Act 11 3 1.1 
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INSIDE VAULT LENOTH 12w IT 
W A U  THICKNEB6 6 INCHE6 
RATIO LENQTHWlDTn LO# 
ONE-WAY SUB DEBION: 
% OF LOAD IN SHORT OlReCnON 106.00% 
Y Of  WAD IN LONG OIRffillON a m  
SUB THICKNEBS I INCHES 
6HOR7 SPAN LENQTH 6.50 FEET 

,LON0 SPAN LENOW 13 00 FEET 

e 
1 

0 144 K8F S U B  
OVERBURDEN 0.m KSF 
Wudl- 0.474 K8F 

pur SIZE' e* x 12*--0# x r 18-6rp 

rq'd MOMENTlA8 IN LID; - 
BASIC DATA ONCR€E COVER TO 
I INSIDE VAULT WmTH 600 FT 

t; 

M8HTO 3 24.6 1 
M G H T O  PI 6 1 
MSHTO 1.24.6.1 
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LATERAL 801 L PR ES8U RES u14 mato 
We- 4147 KSF 
Wb@d'= 0 682 WF 
wb 0.619 K6F i 

o inwe SIZE (r' x le'-0- x 7' 
SHEAR ANALYSIS OF BOTTOM SECTION 
BASIC DATA 

\T 

REBAR, 
I INblDk VAUL T WIDTH 
1 INBIDE VAULT LENCITH 

B O O  Fr 
12% FT 

' W A U  lHICKNE89 
IN8IDE HUOKT 
TWO WAY WAU. DE6loW: 

% OF LOA0 IN LONO WALU8)CNDINQ 
S U E  THICKNE66 
SHORT SPAN LENGTH 
LONO SPAN LUU6TH 
DEPTH TO TOP O f  WAU 

s or LOAO IN CANTILNM DIRECTIO 
ABSHTO 3 04 6 1 - I 6,oo 

700 

31 73% 
6&27% 

6 00 INCHE8 
6.60 F E R  

13.00 6.OIFEET FEET Tfi 
1206 FCFT 

SHEAR VALUIIl.STOP OF BASE 

SHEAR VALUeS;@END Of LONQ WALL 

b- 12.00 INCHES '-1 
d= 3 00 INCHEG 
0 aSYor0.6S82*SQftt(t' +)*bed 4.11 KIPS ULOW.kp.EA FT i ACI 1 3 1 1  

1 PAGE 4 



=ut naulnd on thla @hoot 
INSIDE VAULT WIDTH 
INBIDE VAULT LUdQtH 
WALL THICKNE8E 
INSIDE HUQHT 
W O  WAY W A U  DE8lQN: 
% Of LOA0 IN CANTILEVER OIREc"l0 
% OF WAD IN LONO WAWIENDINQ 
SUI THlCKNE88 
8HORT 6PAN LENGTH 
LONO SPAN LENGTH 
D E F W  To TOP Of W A U  

CONC €T' COVERTOREBAR 
[*&" 

STIFFNESS UETHOD..MBHTO 6.6 
1 STIFFNESS MEMOD MBHTO 6 6 
STlFFNEB8 MOHOD,.MSHTO 8.6 

lDEPlW TO 8OTl'OM OF WALL I 

++ .* f+ a r  

** MUWHAVE REBAR INPUTWHEN CANTlL€VEA=lOO% 
++MUSTHAVE REBAR S I Z E 4  WHEN CANTILEVER-100% 

we cellmies 
SQO omllm186 
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VAULT 0548KSF 
OVERBUROEN 0 . a  KSF 
Wudb 0.863 KBF 

o input SIZE 
SHEAR ANALYSIS OF 8ASE SLAB 
BASIC DATA 

OF BOTl 
DNSIDC VAULT WIOTH a w n  
INSIOE VAULT LENGTH 1250 FT 
WALLTHICKNESS 6.00 INCHES 
run0 LENOTH~WIDTH 2w 
ONE-WAY 8 W  DESIQW: 
Y Of  LOAD IN WORT DIRECTION lORQOW 
K OF LOAO IN  LON^ oinCcnoN OOOY 
BLAB THlCKNEiSS 6 INCHE8 
SHORT W A N  LENGTH 650 FEET 
LONO SPAN LENGTH 13.00 FEET 

I 

MSHTO 3.24.6.1 
AMHTO 3A4.6.1 
MSWTO a 24.6 i 

54 40 IQP8 

M60 FK 

031 W OF FOOTPRINT ON UD 

1 67 L OF FOOTPRINT ON LID 
IMPACT O O O Y  OWWWMAX- 

Wull= 0 56 K6F 1 67 LMAX 
OlSrWBUTION AREA 

HEAR ANALYSIS SHORT DIRECTION 
.=son OF &ALL + d  o w n  BOX OF WALL + d 1 ACI 11.1 S.1 

1 Vu(dl)QP'd1=%'Wudl.(V2-J ea4 KIPS SHORT 6PAN 
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OVERBURDEN OWKSF 
'Wudl- 0 883 KSF . 

P 10 

IMPACT 0% 
1 DISTRIBUTION AREA 9450 m 
WU1l.l 0 68 K8F 

J 

1 

MBHTO 8 8.28 
ASTM C857-17 

MOMENT/ As IN BASF SLA B OF BOTI'OM SECTlC 
BASIC DATA 
(INSIOE VAULT k 600 
INSIDE VAULT LENGTH 1260 FT 
WALL THICKNESS 6 

I uno- LENQTH:WIDTH 208 
1 ONE-WAY S U B  DWIQN: 
% OF LOAD IN SHORT DIRECTION 

1 %  OF LOA0 tN LONG OlRtCnON 
siAa THICKNE~  0 INCHES 
SHORT SPAN LWOTW 6WFPER 
LONG WAN LMQTH 13 00 FEET 

UBEO f 0 R  
100 00% MOMENT 
a m  MOMENT 

SIZE 6' X 12'-C X 7 

iONCRETE COVER TO REBAR L-1 

WHTO a 24 8 i 
MBHTO 6.24e6.1 
M8HTO 24.6 1 

Mid-wan momwt rnultlpllodon hotor due 

AASHTO 8 16 8.4 

1 I 1  INCHES )OK , , , , . . . , , . . , , , , 
29 00 60 INCHEG - 
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[~-SUlLDlNO COOd REOUIREMENTS for REINFORCED CONCREWAGI 318-89 i ACI 318R-89 

[3]-ASTM STXNDARO PRPCTICE for MINIMUM STRUCNRAL OEGIGN LOADING Ibr UNDERQROUND 
P R M S T  CONCRETE WATER AN0 WAGTWATER STRUCTURES: CS@O-78(Reqprovod 1986) 

f41-PCA OESft3N CRltERlA FOR AtRCR4.T LOADIN0 kr wheel loedlna only) SHEET M9 026 QZP 

P 11 

I PHON t a93-7e1-iioo b 

,uu I 

1 
I I 

BOlTOM SECTION 1 I 

APPLICABLE CODES* 
[7]-MSHTO STANDARD GPECJFICAZIONS hf MQHWAY BRIOGES 14TH EDITION 

NOTE Cod. solochon I# prodicdod on mod atnngent dooign crltorla and/or prrchcd engineorlng aolonoo 

3 ' 4 "  Soil Cover 
Governs for: 

Walls 
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ANALYSIS & DESIGN OF UNDERGROUND-PRECAST STRUCTURES 
PASIC DFSl GN PARAMETERS AND IN PUT DATA 
CODE REFERENCE6 ARE MADE WHEN APPUCABCE/OTHERWISE BASIC ENGINEERING APPLIES 

J ! € R S f Q w  

I 1 
IlNPUT TYPE OF STRUCTURE *U' tor Utihty, "T tor Wator Related IW 1 wec('. Fd&F* cff - P ISIZE: b3 ' X 12'2'6" X 7' i 

8E 2' FOR HS20 LOAD. 
AASHTO 3-20 3 

> of = MSHTO 6.2.1 
IR=2 883' ,H20=6' 

or = MSHTO 62.1 

SHTO 3.22, =2.17 
AASHTO 3.22, = 1.3 
AASHTO 3.22, = I  3 

- 
SUMMARY OF WEIQHTS AND SOIL LOADING(UNFACT0REDI ON COMPONENTS' 

COMPONENT WERTICAL HORIZ 1 POSITION OF 'x' 1 



SEP 18 '95 69 47'wI FmcOR CUmIN DENVER P 13 

DEAO LOA0S*~lrnLto 
am 0 K8F 
OVVlciU ROW 0 504 K8F 
Wudlt 0 644 KSF 

A 

t 

b 673 FT 
C am n 
TOTAL 6 50 FT 

o Inuut ,SIZE. 8' x 1 2 ' 4 '  x 7' IB-SrnD 
SHEAR ANALYSIS OF UD; - 
BASIC DATA 
tlNSlDk VAULfwbl" 6-00 Fl 

.OAP LENGTH 
-0AD TO OTHER END 
SPAN LENGTH 

IN61DE VAULT L W Q W  1250 Fr 
WALL THICKNEBB 6 INCHES 
nmo LGNQTH:WIDTH PO8 
ONE-WAY 8 U B  OE61GN: 
% OF LOA0 IN SHORT OlAECnON 100.00% 
96 OF LOAb IN LONO D I M O N  0 00% 
B U D  THICKNCSS 8 INCHEB 

630 FEET 
13 00 FEEf 

VU(l1) Wd'-9CV(Wull) (b) ((Ze) +OJ/B 210 KJPWFr f 1 
Vu(df)@ *d*= Wudl(I/t-a) f 60 KTPS/Fr 

9.74 KIPS.. , , . ACTUAL VU PER FT yU@*@- 

!ONCR€I'E COVER TO REBAR 
~T~INCH 

lMrACT 2m AABHTO a 8 23 
A M  CW-67 
8 3 3 + 1 7 S * O E ~  OF FILL 
67+1.76*OEFfH OF FILL+ 

608m 1 WHEEL FOOTPRINT ON LID. 
WIOTH(PARALLELr0 LONEI) 

Wull 0.83 KIPWFT CC DIMEN of WHEEL8(FI 
LENQTH(PARAUEI BHORI) 1282 FT 

NOTES- SWEAR ANALYBIS: SHORT DIAECTlON 
a 077  FT 60% OF WALL + d  IACl 11.1.3 1 

PAQ E 2 
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INSIDE VAULT WIDTH &OO n 
INSIDE VAULT LENGTH 12.60 Fr 
WALL THICfflE66 6 INCHES 
wno: LENGTH WIDM 208 
ONE-WAY S U B  DE8IGN: 
% OF LOAD IN SHORT DIRECTION loa oQ(L 
96 OF LOAD IN LONG DIRECTION 
S U I  THICKNEB6 8 INCHES 
WORT SPAN LENOTW 6.50 FEET 
LON0 SPAN LENGTH 1s 00 FEET 

aeow 

b 

t 1-1501 INCH 

AABHTO 3.246.1 
AASHTO a 24.6 1 
MBHTO a.24.6.1 

put 
Dq'C 

4140 KBF 

I WUdlQ 0 644 USF 
OVERBURDEN 0.504 K8F 

170 %lPSllNCH 

1 I1 INCHES 

h 
2597 WI 

Ar(P.6c.bar spaelnu) PER BAR 32 63 sa INCHES 
2 AItuaIr=Cs*idc*&A) -03333 1Qt I(IPS/lNCH 

O K  

t PAGE 3 
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o input SIZE 6' x 12'-tr x r 
WEAR ANALYSIS OF BO7TOM SECTION 
0MlC DATA 

CONCRETE COVER TO REBAR 
[-[INCH 

WAuTtI ICff luI I  
INSIDE HEIQHT 
TWO WAY WALL DESIQN: 
W Of LOAD IN CANTIWCR DlRECTlO 

ASSHTO 3.24 6 1 
3t 71% . - - - - . - - 

Y Of LOAD IN LONO WAUIBWDINCI 
6UB WICKNEBS 6.00 INCHES 
SHORT SPAN LENQTH 6 SO FEET 
LONO SPAN LENGTH 13.W F E n  
D E m l  TO tOP OF W A U  6.07 FEET' 

88.27% 

LATERAL SOIL PRES8URES:ufflm.to 
W8- 0536 KSF 
WbWd'r 0 592 K8F 
Wb 0 Ble KSF 

SHEAR VALUE8:OEND OF LONQ W A U  
x = SPAN-'d' 1200FT 

, , , ,2,2OKlPS ACN AI. VU PER ff ACI 11.1 3 1 
I 

I P A G E  4 
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H 
SIZE 6' X 12 -8. x 7' UI 

Ibid MOMENT/& IN WALL OF BOllVM SECnON 

input roaulrad on thii sheet 
'1N810t VAULT WIDTH 6,OO Fr 

12.60 Fr 

INBIDE HEIGHT 7 .0  
TWO WAY W A U  OEOlCIN 
% OF LOAD IN CANTILEVER DlRECnO 31.73% 
% Of LOAD IN LON0 WUBENDINO 68.27% 
SUB wtcwee 8 W INCHES 
SHORT SPAN LENOTH 6 50 FEET 
LONQ npm LENGTH 13.W FEET 
D E W  TO TOP OF WALL 8.07 FEE3 
DEPTH to BOlTOM OF WALL 13.07 FEET 

~ INBIDE VAULT LENGTH 
WALL THICKNEB8 aoa 

CONCRETE COVER TO REBAR 1-1 INCH 

STIFfNE86 METHOD. MSHTO 8.6 
8TlPFNEBS YETWOD,,MIHTO a 6 
BTIFFNEES METHOO MSHTO 8 6 

++ .* *. ++ 
** MUST HAVE REBAR INPUT WHEN CANTILEVER=lW% 
++MUSTHAVE REBAA SIZE-0 WHEN CANTILEVER-1001 

m e  oollml86 
$06 cellmlS6 
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'VAULT 0548 KBF 
OVERBURDEN 4504 KBF 

I 

-P)(abow hd) 31,oo KIPS 2 wntELo 
TRANSFERRED To BASE(ubm.le) 20,4 KlP6 6 a W OF FOOTPRINT ON LID 
IMPACT OW% 6.08 WMAX 
DISTAIBUTION AREA 9460 Frz 12.82 L OF FOOTPWNT ON LID 
Wull= 031 KSF 7 00 LMAX 

ty 

D tnDM SIZE 6' X 1T-W X 7' 
SHEAR ANALYSIS OF BASE SLAB 
BASIC DATA 
INSIOC VAULT WIDTH 6 00 ff 1 Y I I N C H  
INSIOE VAULT LENQTH 1250 FT 

OF BOTTOM SECTION 
CONCRETE COVER YO REBAA' 

WALL THICKN136S CI 00 INCHES 
u n o  LENGTH WIDTH 206 
ONE-WAY S U O  DEIIGN: 
W OF LOAD IN 6HORT DlRCCTlON lo(x8OX 
')I Of LOA0 IN LON0 DIRECTION 0.ww 
S U B  THICKNBQI Q INCHES 
8HOm SPAN LMOTH 
LON0 SPAN LENaTH 

6 50 FEET' 
13 00 FEET 

AASHTO 3.24 6 1 
AASHTO 3 P i  8 1 
MSHTO 3 24 6.1 

SHEAR ANALYSIS'SHORT DIRECTION 1 a=t50% OF WALL + d 0 8 0  FT B% OF WALL + d iACI 11.1 J.1 

2 79 KIP6 SHORT 6PAN 

12 INCHES WIDTH b= R-. . 1 
d= 4 19 INCHES 
~ ~ ~ V c ~ B l ~ l ~ O f f C 1 r e ) . b . d  . , , . . . ' ' ,5 73K IPS , , ALLOW VuPEH IT. i ACI 11 3 1 1  

IPAGE 6 



18 '9'5 69 50Fv1 AmOR RDMIN DUrvER P 18 

mno: LENOTH:WIOTH 2.08 
,ONE-WAY SUB DEBIQN: USED FOR 
96 OF LOA0 IN W O W  DIRECTION 
% OF LOAO IN LONG amnoN 

'LUNG SPAN LENGTH f3,W :Em 

100 00% MOMENT 
0.00% MOMENT 

L o  micmss 6 INCHES 
WORT WAN LENOTH 6.60 FEET 

MER TO REBAR 

MSHTO S 24 6.1 
MSHTO a.24 6.1 
MSHTO a.a4.~,i 

IMPACT 0% 
'016TRfOUTION AREA M W n 2  
Wull= 051 KBF 

DEAD LOAUSuftirndr 
LAULT 0.548 KSF 97,073 L 08 1 
OVERBUROEN 0 544 KSF 

MSHTO 0.0.23 
ASTM cw-w 

1 OS2 KBF 

LIVE LOADuMmato fWuH only) 
fWHEEl. UAD{Pl a2 KIPS WHEELS 

Mid-rpan memrnt multlpllcatlon factor duo 
ANMYSIS OF 1' WIOE STRlP 

CRACK CONTROL-LONG WALUINSJOE AASHTO 8 16.8 4 
MAX tm 1 to ~(IPBIINCH 

ae,47 KSI I 
1 61 INCHES I 

IPAGE 7 

I 



7. Structural Design Calculations for Carbon Steel Tank 
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i 
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Pogo No 

P.O1 



SEP 18 ’95 16 38 303526i3449 f=QE 001 





8. Uplift Calculations for Concrete Vault 



Weight of Concrete Tank Compared to Uplift from Displaced 
Water 

I I I I I 

lank (Ibs 

40,000 

Length (ft) Width (ft) Depth (ft) Water (f?) (lbs) 

13 7 a 728 45,427 

I I 
Calculate weigM of water in tank 

Length, Width, 

I 131 71 701 641 01 40,000 
I I I I 

Weight of Concrete tank alone can prevent uplift from 7 0 feet 
of groundwater up tank side Before tank IS filled, water level 
must be kePt below 7 0 feet above tank bottom 

Depth to 
Outflow Vohme of Weight of 
Invert, Water in Water in 

inside (ft) 
12 

inside (fl) inside (ft) Tank (ft? Tank (Ibs) 
6 5 5 396 0 24,710 

Weight of 
Concrete 
Tank (lbs 

40,000 
I I I I I 

Once tank is full, weight of tank and water in tank is much 
mater than weiaht of water dtsolaced i 

Weight of 
Weight of Tank + 
Water in Water in 
Tank (Ibs) Tank (Ibs) 

24.71 0 64,710 

Assume 
Density of water = 1 I 624Ilbs/ft3 1 

I 6/23/95 Page 1 

i $3 
CONE1 XLS Concrete Tank 



9. Uplift Calculations for Carbon Steel Tank 



Calculation of 

:or Steel Tank w 

Volume of 
Water 
DsP lad .  
Wft3 

550 

diameter of 
Tank (ft) 

10 

soil on top 
of tank and 

Volume of Volume of flange, 
Soil in Soil in Volume C 
Volume A. Volume E, (ft') (one 

Diameter V d  (ft3 V a  (ft? foot of 
of Flange (calculate (calculated cover) = Pi 
(fi) d below) below) 6 2  - (4 x 5) 

12 242 552 9: 

Soil c 

I 
~~~ ~ ~~ ~ -~~~ ~ 

Assume 
'Density of water = 62 4 I Ibdft' I 
Denstty of saturated soil = i 08 I 1bs/ft3 (120 pCf.0 90) 

I Weiaht of disolac 

;oil Load 

h 1 foot fli 

Height of 
Tank, H 
(fl) 

7 

Volume 
550 
242 
552 

93 

d water is 

:ompared to UpM from Displaced Water for Steel lank 

ige around bottom penmeter (see figure) 
I 
I I I 

I I I I 

nuch less than combined weight of downward forces 
piccalculation ignores the weight of the tank contents I 

1 I I 1 I 
t I I I I I I 

I I I I 

~~~ 

Uplift is resisted by soil directly above flange (volume A) 
and soil in a "cone" Hnth a slom of 2 1 fverhonz) (volume B) 1 
and by soil overburden of 1 foot (volume C) 
and weight of tank 

I I 

I 911 9/95 Page 1 CONE2 XLS Steel Tank 



I I I 

I I 

I I I 

With saturation to ground surface, V, = volume of cylinder = pi ' (r A 2) H 

Weight of water or soil = volume denslty 

ForVolumeA I 

I 

ForVolumeB I 
d V = m ' r A 2  'dv 

IV.A = PI (radius outer A 2 - radius inner A 2) H 1 I I I 
I 

I I I I - 1  I I I 

for 30 degree angle cone, r = 0 5 y 
therefore, dV = pi 0 25 * y A 2 dy 
Integrate both sides, integrate dy from y to 0 

T 
I 
- 

v = pi 0 25 (y'L3)/3 I I 
I 

Volume of 
19 foot 
high cone 

Volume of 
12 foot 
dia x 7  

Volume of foot high 
12 foot high cylinder 

IV,= volume of 19 foot hiah cone - volume of 12 foot hiah conel I I 

I 911 9/95 Page 2 CONE2 XLS Steel Tank 
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10. Product Specification Sheet for Manhole Step 
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Copolymer Polypropylene Plastic 
JYGRADE 60 STEEL REINFORCEMENT 

PLlG 10 ’95 16’55 
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SECTION - A 

PS2-PF 
Manhole Step 

~ 

M.A. Industries Inc. 
Kelley& Dividend Dr. 
Peachtree City Ga, 

3637911120 

2687 

PFlCiE 001 



1 I. Product Specification Sheets and Design 
Calculations for Link Seal Gaskets 
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Simple 4-step method 
For most applications, Link-Seal can be selected from 

the charts on pages 9, 10 and 11 (If your pipe and wall 
opening dimensions do not appear hereme the methods 
onpages12and13) 

1. There are 6 charts. Find the chart 

the number of links required for a 
complete seal assembly. 

4. To orders add the Link-Seal model. 
Select the model you require from the chart below 

Include the model letter designation with the sizing 
information, as in thls example Links per seal - io ,  Link- 
Seal size number - LS-300, Model - C Thus your order 
would read 10 LS-30042 

that applies and locate your pipe 
size. 

SEAL PRESSURE 
ELEMENT PLATES 

EPDM COMPOSITE 
Black 

2. Determine the type of wall opening 
to be used: CS Plastic sleeve, WS 
steel sleeve or core drilled hole. 

3. Begin at column heading "Nominal 
Pipe Size". Then read across to the 
sizing section for CS plastic or WS 
steel sleeves or core bit drilled 
holes. The first column identifies 
the sleeve model or hole diameter .. 
the second column is the Link-Seal 
size number and the third column is 

APPLICATIONS 
BOLTS & TEMPERATURE 

NUTS RANGE ("0 
40 to + 250 STEEL zinc 

dichromate atmosohenc conditions Provides electncal 
Suitable for use in water direct ground burial and 

/o/o'( resistant 

EPDM 
Black 

NITRILE 
Green 

NITRILE 
Green 

temperature 

~ _ .  .. _ _  
insulation where Cathodic protection is required 

COMPOSITE STAINLESS -40 to + 250 For chemical processing waste water treatment EPDM 
rubber is resistant to most inorganic acids and alkalis 
some organic chemicals (acetone alcohol ketones) 

COMPOSITE STEEL zinc Nitnle rubber is resistant to oils lLel and many solvents 
dichromate (gasoline motor oil kerosene methane jet fuel 

hydraulic fluid water etc ) 

COMPOSITE STAINLESS -40 to + 210 Combination ot oil resistant rubber and stainless 

STEEL (18 8) 

40 to + 210 

STEEL (18 8) steel hardware 

1- insulating 

SILICONE 
Grey 

insulating 

STEEL zinc STEEL zinc 67 to + 400 Silicone rubber is ideal for temperature extremes 
dichromate dichromate T model is Factory Mutual approved 

lVPE 
RATION 

SILICONE 
Grey 

EPDM 
Black 

UODEL LS 

STEEL zinc STEEL zinc 67 to + 400 Double seal three hour tire rated barrier 
dichromate dichromate 

STEEL ' STEEL zinc 
dichroma te 

(ANI  approved) 

Commonly specified tor a wide range of applications 
where cathodic Drotection is not reauired 

40 to + 250 

c 

SILICONE 
Grey 

LINK SEAL MODELS 

Q STEEL STEEL zinc 67 to + 400 High temperature applications where cathodic protection 
EDOXY dichromate is required 
Coating 

1 \ hK 



I 
2 500 

6 I 6900 

14 I 15300 

48 I 50800 

-+-%& 1-114 

12 I 12125 
~~ ~ 

Specdy sleeve length in 
e Specify model when ordc 

DUCTILE IROl 

CS MODEL 
PLASTlC 
SLEEVE 

COP1 
4 

CS-2-' I LS-275 f 4 

I 

1-It2 1 625 
2 2 125 

2 1/2 2 625 
3 3 125 
4 4 125 CS-6. LS-325 
6 6 125 CS-8 * LS-325 

- 
5 
7 

9 

- 
- 
- 8 8125 CS-10' LS 325 

10 10 125 

- 
7t 

PI 

cs-3.' LS-315 4 

cs-3.' LS-300 4 

cs-3' LS-300 4 

cs-3-' LS-200 6 
7 - CS-3-1/2-' LS-200 

CS+' LS-275 I 10 - 
cs-5-' I LS-325 I 4 

CS-14 - LS 325 

:hes 

nng 

J PIPE (AWWA-TYPE) 
CASTOR @ 
CORE BIT 
DRILLED HOLE 

WS MODEL 
STEEL 
SLEEVE 

STEEL 
SLEEVE 
MODEL 

WS-4-23-S-' 
WS-5-25-S-* 

ws-6-28-s-' 
WS 8-32-S-' 
WS-10-36-S-' 
ws-12 37 s-' 
WS 14-37 S * 
WS 16-37-S-' 

UNK-SEALI LINKS HOLE LINK-SEAL LINKS 
ID SIZE PER 

NO SEAL 
" " 

I S - 3 0 0  6 4000 LS300 6 

LS-325 4 5000 LS-325 5 

LS-325 5 6000 LS-325 5 

LS400 7 10000 LS400 7 
LS400 9 12000 Ls-400 9 

LS-325 12, 14000 Ls-400 10 

WS-18 374.' LS-325 16 18000 LS-425 14 
ws-20 37 s-' LS-325 18 20000 LS-425 16 
WS-24-37 S-' LS-475 25 24000 LS-525 17 

WS-27 37-S-' LS-525 19 26000 LS-525 19 

ws 30 37-S-' LS-400 23 I 30000 LS-575 28 
ws 38 37 s - LS-500 27 1 36000 LS-575 34 

ws-44 112 37 s- LS 500 33 I 43000 LS-525 33 
I 

WS-50 11237 S '1 LS 500 I 38 I 49000 I LS-525 1 38 I 
ws 57-37 s-' [ LS500 I 43 I 56000 [ LS500 I 43 

ER TUBING 
ws-2 15s I LS275 I 4 1  2000 I LS-275 I 4 

I 1 
~ ~~~ 

ws-2 15-s LS-200 4 2 000 LS-200 4 

ws 2 112 20 s LS-275 5 3000 LS-3 1 5 4 

ws-321 s LS 300 4 3 000 LS 300 4 
I I 

ws-321 s I LS-275 1 7 I 3 0 0 0  I LS275- I 7 

WS3 l R 2 2 S -  I LS275 1 8 1  3500 I LS-275 I 8 
WSS 23-5 I LS275 1 10 I 4000 I LS-275 I 10 

I I I I I 

WS-5 25 S- I LS325 i 4 1  5000 I LS325 1 4 
I 

1 

WS-8 32 S LS 325 7 8000 LS 325 7 

WS-10 36 S LS-325 9 loo00 LS 325- 9 

ws 14 37 s LS-400 I 10 14000 LS-475 14 

A 



If your pipe size does not appear in the 
charts on pages 9,10 or 11, use this 
method to select Link-seal. 

First, calculate the Annular Space in 
order to select your 1JnL-Seal size from 
the chart on this page. Then determine 
the number of links required to go 
around the pipe. Here's how: 
Step A 

The Annular Space is half the difference between your pipe 
size and the wall opening dlameter Use this formula 

Annular Space = wall ODen ina - Pine D i m  
2 

Step B 
Now go to Lmk-Seal Dimensional Chart #1 Select the size 

closest to the Annular Space just calculated You have 
selected the correct size Link-Seal i f  
Thickness is less than the Annular Space and the Expanded 
State Thickness is greater than the Annular Space 

the Free State 

Step C 
Next calculate how many links are required to fit around the 

pe and seal the Annular Space This is a 3-part calculation 
First determine the Bolt Circle for your Link-Seal assembly 
This is simply the mid-point of the Annular Space 

Bolt circle = Wall ODenina + PiDe Diameter 
2 

Step D 
Second, determine the number of links needed for your 

assembly To do this. find the Chord Length of your Link-Seal 
size - in the nght-hand column of Chart #l Then multiply the 
Bolt Circle by 3 14 and divide by the Chord Length 

sue 

Lsm 
LS zrs 
LS 300 

L S 3 1 S  

LS 32s 

w 
u.425 

-7s 

LS s75 

LS 52s 

Lsy)(I 

L W  

Finally, the result must be rounded down to the next whole 
number This completes your calculation Now refer to page 8 
and select a model designation IMPORTANT If the Step 0 
calculation results in 10 or more links it is accurate I f  it 
indicates fewer than 10 links refer to the next page to venfy 
your calculations 

R u o m m m b r d  PIW Sur  ram^. For UNU SEAL - - - 

LINK-SEAL DIMENSIONAL CHART 1 
+CHORD LENGTH 

SEALING RANGE 
FREE STATE EXPANDED STATE CHORD 

SIZE THICKNESS' THICKNESS LENGTH 
LS-200 50' 62' 1 1 2 s  
LS-275 62' 78' 0 910' 
LS-300 71' 88' 1510' 

LS-3 15 82' 1 03 1 470' 

LS  325 94' 118' 3 100' 
LS-000 143 181. 3 625' 
LS 425 1 1 3 '  145 3 625 
LS-475 1 62' 1 90' 2 625 
LS 500 2 37- 2 81 3 860 
LS 525 2 18 2 50 3 860 
LS 575 181 2 35 3 100 

LS 600 3 20 4 00' 6 000 
'Free state thickness includes an rnserlion tolerance and 
rberefore differs from the actual thickness as listed in 
Link Seal rechnical data on page I9 

Ltnks Per Seal = Bo It Circle x 3.14 I 
ChordLength -yLb,4. c fr ' 4 r 

1 I PIPE SRE 0 0 

space 

Bolt circle 

00 
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STEEL AND PLASTIC PIPE WITH SAME OUTSIDE DIAMETER * 

DRILLED HOLE 

Specily sleeve length in inches 
Specify mode) when onlenng 

I U  -- -- 
ENGINEERING DECALS 

These LINK-SEAL design decals are yours for the 
asking The\ simplify your drawings and assure 3 \proper ordering procedure 

- I .  1 - .--- 
c.. - -. l.,," - Y L  

9 --. .- ..-u-- - 
-.-.<- P .) I-, - - - - I- (Shown at reduced size 

Actual decal measures 
3 114 x 3 1/2") 

0 -  - I- .- I - ,"I OI 
- a 3  a - - .) I.. , I .. 

L 1 



, 

1-112 

2 

2 1R 

3 

CAST IRON SOIL PIPE (EXTRA HEAVY) 

1740 CS-J-lR-' LS-300 5 WS 3 I f2  22 S- LS 315 5 3 500 LS-315 5 
2 197 CS4-' LS-315 6 WS4 23 S LS 315 6 4000 LS-3 1 5 6 
2875 cs4-' LS-200 9 WS-4 23 S is 200 9 4000 LS-200 9 
3500 I cs-5.' LS-300 8 w s 5 2 5 s  is 300 8 5000 LS 300 8 

CAST IRON SOIL PIPE (SERVICE WEIGHT) 

1 4 I 4500 CS-6.' LS 300 10 W S 6 2 8 S  LS 300 10 6 000 LS-300 

I LS-475 I 14 10 I 10500 I cs-16' I Ls-475 I 15 I WS-14 376-  I LS425 I 10 I 14000 I 

10 

I I I I I I I 

1-1/4 I 1510 I CS-3-1Q'I LS-315 I 5 I WS321 S-' I LS300 I 4 1  3000 I LS-300 I 4 

I I 

0 -9-1 1 -800-288-040_4 



P l P E O D  P I E  0 0 A B C 
RANGE I 1 RANGE # 2 MINIMUM MINIMUM MAXIMUM 

1 

870 995 
1260 1545 

952 1065 2930 192C 2066 4 
15+2 1670 3320 176G 2066 5 

6500 
7500 

3625 3625 4 
3250 3625 5 

8625 1 3375 
9750 ' 3 250 
10875 I 3000 
12000 1 2 875 
13 125 2875 
14250 2875 
15375 I 2075 

3625 6 
3625 7 
3625 8 
3625 9 
3625 10 
3625 11 
3625 12 

- -  
This page is needed for approximately 
3% of all applications. It helps you 
select Link-Seal when you can't find 
your pipe size in the standard charts 
and when your calculation results in 
fewer than 1 0  links. 

You already have the Lmk-Seal size and quantity from 
the calculation on the prewous page You also know the 
wall opening dimension This chart will confirm whether or 
not the selected Lmk-Seal will fit correctly into the opening 

Here's how to use it 
Go to the chart for the Link-Seal size already 

determined (LS-200, LS-300, etc ) 
Compare the pipe size you are using with Pipe 0 D 

Range #1 or #2 Depending on which range your size 
falls into, follow the directions at the too of the co IumR 

The chart gives you mrnimum and maximum wall 
opening dimensions If your wall opening size falls 
between the minimum and maximum wall opening sizes 
calculated from the chart, it IS correct 

The chart also gives you the number of links required 
for your assembly (on the same line as your pipe 0 D ) 

If your wall opening size is not in the range indicated 
by the chart, either choose another Link-Seal size 
change your wall opening size. or call us for assistance 

EXAMPLE: 

MIN W-U 
OPENING 

.A 
MAX WALL 
OPENING 

.PIPE00 * c  

~ MIN W A U  
OPENING 

MAX W A U  
OPENING 

1 .PIPE00 *I 

~ .PIPE00 +c  

WALL 
OPENING 
FOR PIPE 
O D  IN 
RANGE 

I 1  

~ WALL 
OPENING 

' ADD ON 
FACTOR 

FOR PIPE 
IN RAUCI 

# 2  

WALL 
OPENING 
A00 ON 
FACTOR 

LINK! 
PER 
S W  

I I I I i 

LS-200 SIZING CHAFiT \ 

~ 

687 937 
1125 1375 
1 625 - 1 875 
2 000 - 2 125 
2 375 - 2 500 
2 687 - 2 812 
3 125 - 3 375 

580- 660 
830 940 

1 070 - 1 220 
1 300 - 1 480 
1 570 - 1 780 
1 770 - 2 030 
2 050 - 2 330 

337 - 1 125 
1 375 - 1 500 
1 875 - 1 937 
2 125 - 2 375 

I 2500-2812 
2 812 - 3 125 
3 375 - 3 625 

2875 103 12 6 
3125 I 100 1 12 I 7 

LS-275 I 
660- 720 

' 940 - 1 050 
1 220 - 1 370 
1 480 - 1 660 

' 1780-2WO 
2 030 - 2 280 
2330 2620 

- 
1870 
2 220 
2 530 
2 850 
3 150 
3 460 
3 750 

1220 I 15t3 I 4 
1280 1561 5 
1320 1 15E3 I 6 
1360 
1400 
1420 
1420 

1563 
1563 
1563 
1565 

7 
8 
9 
10 

LS-300 SIZING CHART 
1 125 - 1 312 
1 562 - 1 875 
2062 2375 
2 562 - 2 875 
3062 3375 
3562 3937 
4 000 4 375 

13 2 1437 
1 e-5 2000 
2 2  5 2687 
2E-5 3125 
33-5 3812 
3937 4125 
43'5 4 750 

2 875 
3 312 
3 012 
4 312 
4 812 
5 312 
5 750 

1562 
14:- 
143- 
1437 
143' 
137% 
13i- 

1753 
175 
175- 
175- 
1 7SL 
175: 
1752 

I I 

LS-315 SIZING CHART If your Link-Seal size is LS-300 

And if your pipe is 2 900 

You locate it in Range #2 on the LS-300 chart 

The minimum wall opening is 2 900 (the pipe size 
plus 1 437 from col B or 4 337 

The maxlrnum wall opening IS 2 900 plus 1 750 
from Col C or 4 65 

The number of links IS 7 (on the same line as the pipe 
0 D range) To select simply state the number of links 
the Link-Seal Size and the model number chosen trom 
the chart on page 8 

1670 2070 20'1 2260 
2 140 2 575 I 32:;- 2 820 I ::!i 1 ii: I :%: I [ 
2270 3025 3 330 
2 740 3485 34s 3800 5 190 1 70r 206i 
3610 3940 39- 4260 5675 172' 206C 10 

LS-325 SIZING CHART 
2875 2875 I 2873 3 125 1 5250 I 2372 I 2375 1 4 
3 625 4 000 
4 625 5 000 
5625 6000 
6 625 7000 
7625 8000 
8625 9000 

40CL 4250 
500: 5250 
600: 6500 
700, 7625 
8 O O w  8 625 
903: 9625 

6 000 
7 000 
8 000 
9 000 
10 000 
1 1  000 

2 000 
2 000 
2 000 
2 000 
2 000 
2 000 

2 375 
2 375 
2 375 
2 375 
2 375 
2 375 

5 
1 6  

7 
8 
9 
10 

I I 1 1 

LS-400 SIZING CHART 
2875 2875 
3875 4 250 
5000 5250 
6 125 6500 
7250 7875 
8375 9125 
9500 10250 

I0625 1 1  370 
I1 750 12 500 

287: 3500 
4 2 5 i  4 750 
5250 6125 
650G 7250 
7875 8500 
9 125 9 750 
1025C 11 250 
11 37c 12125 
12500 13375 



c 

, 

I 

' 

MINIMUM THICKNESS 

Link-%al Minimum 
GENERAL 

INFORMATION* - - -  Model Wall 

nnoo 
RANGE # 1 

MIN WALL 
OPENING 

= A  
MAX WALL 
OPENING 

mclPE00 * c  

f l n o o  
RANGE # 2 

M N  WAU. 
OMWING 

MAX WALL 
OPENING 

= f l P € O D  * c  

= ~ P E O O  + a  

A 
MUUMUM 

WALL 
OPENING 
FOR PIPE 
0 0  In 
RANGE 

(1  

B C  
MINIMUM MAXIMUM 

WAU WAU 
OIMING OPENING 
ADDQN M O O N  
fACTOR FACTOR 
FOR ?In 
IN RANGE 

e 2  

LlNIS 
En 

SEAL 
Thickness - I LS 200/LS275 1 2 114' 

LS 3ooRS 315 3" 

LS 325 4' 

LS 40oRS-425 5' 
LS-475 

LS SOOILS-575 5" 
LS 525 

LS 600 6' 

LS425 SlZlNG CHART I 
3 00 - 3  500 

4 125 - 4 500 
5 250 - 5 750 
6 500 - 7 000 

8 750 - 9 250 
9 075 - 10 500 

10 937 11 562 
12125 12075 

7625 8250 

3500-3500 6000 
4 500 - 4 075 7 125 

3000 10 
3000 11 1 3000 12 

L 1 

Mi iimum INSTALLATION NOTES LS475 SIZING CHART - ia 16 

a 17 

17 2 
17 

'5 
i2 

1 15 

IO 
15 

- 
3 680 
3688 
3563 
3500 
3500 
3500 
3500 
3500 
3 375 

- 
4000 
4000 
4000 
4000 
4000 
4000 
4000 
4000 
4 000 

TI 1 Link-Seal Bolt 
Wa 11 
Thickness Model Head 1 1 375 - 1 6 

2 250 - 2 5 
3 125-35 

4 075 - 5 3 
5 625 - 6  1 

7 250 - 7 7 
0 000 - 0 6 

3 a75 - 4 3 

6 375 - 68 

3 562 - 3 075 
4 375 - 4 750 

6125-6500 
Shown in the chart 

above, right, is the 
minimum wall thick- 
ness :or recommended 

9 8 l  
seati g area) required 
to as-ure a proper seal 
with each Link-Seal 
model The dimen- 
sions shown are Iiber- 
al, ar-l can be reduced 
if necssary Consult 
factor for "absolute 
minirr Jms' 

LS 325 i I I I I 

LS-500 SIZING CHART I 
2375-2375 2375-2500 B W O  5625 5625 
3375-3625 3625-4000 9000 5375 5625 

ZING CHART WEIGHTS 

e -  

LS-525 h 
2750-2750 2750-2075 7750 SO00 5000 4 
3750 3750 3750-4250 0750 SO00 SO00 5 
5000-5000 5000-5625 loo00 SO00 5000 6 

11 000 
12 125 
13 562 
14 750 
15011 
17 125 - 

:2 1 1 li 1 
4 500 
4375 so00 
4375 5000 
4375 so00 12 

6 000 - 6 250 
7 125 - 7 625 
8562 9062 
9 750 - 10 375 

1 O E 1 l  11437 
12 124-12750 

~ 6250-7062 
7 625 - 0 250 

1 9062-9750 
10 375 - 10 075 

' 11 437 - 12 312 
12750-13625 

LS-575 SIZING CHART 
' 57 157 157-  176 620 471 471 4 
2 4 0  273 273-296 711 430 471 5 
3 30 303 303-412 001 410 471 6 
4 2 5  490 1 490-525 896 406 
5 20 594 594 636 I 991 I 397 I ::: I I 
6 1 7  690 690-746 1007 390 471 9 
7 13 800 000-056 1104 304 471 10 
811 902 902-965 1201 300 471 11 
9 0 8 1 0 0 3  1003-1073 1379 376 471 12 
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Speoty s eeve length m inches 1 

I 

i -- - Specify model when omenng e-- I -2- *#,elC;cC --:-q - 
I d+- ..-="I= 
L- r- I V  _- . - e n  

I -  - 
2 

ENGINEERING DECALS 
These LINK-SEAL design decals are yours for the 

asking 'hey stmplity your drawings and assure 3 ;roper 0~3enng procedure % 

- -  (Shown at reduced size 
Actual decal rreasures 

3 114 x 3 112") 
- -- .. - -, --- 

c*.- -., .. -"I  

-')a'- - - m, . . . .  
- - -- --..I- - " 

L I  -- -- 
u- UU 

---F--- - -  LL- - fL % -;x 
p5-4, 
r 7 E  

--, 

--<<:- - - Y - --- -e - ,*e m 
--e- -- - - .. -.. 

1-800-288-0404 -A : i SY 3-q 9 1  



12. Product Specification Sheets for High Level 
Indicator and Leak Detection Indicator 
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$ 8  5, 

8 Uruque f i h g  baffle e l m -  
nates surface chatter 

8 Dynamically s t a b i l d  float 
Selectable normally open or 
normally dosed states 
Mounted verhcally wet or dry 
Available m quakty reed 
switch, FET switch, 4 or 2omA, 
?TL and voltage output 
IP68 submersible sensor body 
and cable 

Flowline's@ Advanced 
Vertical Buoyancy Sensors 
are teduucally the most advanced 
float avadable today The f i h g  
baffle causes the float to be fdled 
below the liquid surface, thereby 
elimatmg the effects of surface 

\tension The self flushmg design 
also encourages partuxdate matter 
to be purged through the baffles 
The sensors are conveniently 
available m a reed switch, Fm 

4 or 20mA, ?TL or voltage 

Accuracy 
Repeatability 
Dead band 

hysteresis 
Wetted matenals 

Max temp rahng 
Max pressure rating 
Speafic gravity range 
Extreme posihon 

+2mm m water 
+Imm in water 

5mm m water 
Polypropylene 
(PP) or PVDF 
90°C (194.F) 
Ambient 
6 t o 1 2  
k20" from 
verhcal 

Max switdung current IS VA 62 I20VAC 
for large, 50 
VA @ 120 VAC 
for small switch 

Signal output 
(reed version) 

Current output 
(FET version) 

FET switch voltage 
FET switch current 

FET switch mode 

Enclosure rating 

Standard cable length 
Max cable run 
Dimensions 

Dry switch 
closure, 
selectable, NO 
or NC states 

Dry 4mA 
Wet20mA @ 
0 to 36 VDC 
1OOmA max 
(independent 

Selectable, NO 
or NC states 
IP68 (NEFA 6) 
Submersible 
sensor and cable 
8 ft 

45 x 1 0 5  or 
2 7 5 x 1 0 5  
(3/4" NM) 

of supply) 

u p  to 500 ft 

i 
1: 



1 I 8Specifications - 
\ Voltage input 14 to 36 volts DC 

Calls immediate attention to 
aiarm conditions 

25 amps 
High Lntensity 

Greater than 
50,000 CP 
Isolated and 
sealed srngle 
pole double 
throw (SPDT) 
relay, Form C 
Selectable, NO 
or NC states 

Lamp 

14 to 36 VDC 

6 amps 
Adjustable from 
0 15 to 60 seconds 
70°C (158OF) 
Nominal 13 volts 
DC, 1 watt ma 
Dry e 12mA or 
Wet > 12mA 
3/44 NPT 
1/2 NPT 
Polvpropvlene 
(PP), flame 
retardant 
(U L 94VO) 
NEMA 4X (IP65) 
2 8 x 5 5 ~  
3 / 4  NPT 

For agency approved ratings contact 
Flowline lnc or your distnbutor 

tive and easy to install device The 
controller can be mounted on a 
sensor or Smart Trakf” 

LLO+ILC4 

31 



mart TrakTM Mounting Systems 
I - 

Adjustable m-tank mounting 
system 
Mounts up to four sensors 

Mixer compahble with 
rotahonal velocihes of up to 
15fps 

bracket conveniently mounts 
Smart Trak to tank wall 
Permits different sensmg 
technologres for additional 
safety 
Easy to adjust with changmg 
processes 
Integral controller ophons 
available 

I Ophonal side mount 

Howhe's@ Smart Trak" IS 

an m-tank mounting system that babies the user to mstall and ad- 
just up to four Flowline sensors of 
any technology to any depth 
along the entire length of the 
track Smart Trak is made entirely 
of polypropylene andds available 
in two, four or six foof lengths 
Lengths of up to 20 feet can be 
special ordered 

plicahons with radial velocities 
up to 1 5 fps Smart Trak mounts 
vertlcally through the top of the 
tank with a standard 2 '  NPT rota- 
tional tank adapter Each Smart 
Trak kit mcludes a 2 NPT fitting 
assembly, a two, four or six foot 
Smart Trak section, and one sen- 
sor car Additional sensor cars can 
be purchased separately 

Side Mount Bracket 

Select Smart Trak for mixmg ap- 

SDecifications 
A 

Track length 

Wetted matenal 

Mounhng threads 

Max temp rahng 
Sensor car 

adjustment 

Mntg onentahon 
Radial velocihes 
Dimensions 

Side mount bracket 
Side mount bracket 

mntg method 

Available m 2,4 ,  
6 ft 
20% glass filled 
Polypropylene 
(PPI 
2 N M  tank 
adapter 
90°C (194'F) 

Along the enhre 
length of track 
Verhcal 

1' square by 
lengths of 2 ,4  
and 6 ft 
6 x 3 2  x2 '  

up to 1 5  fps 

Bolted or welded 
to side wall of 
tank 

Smart Trak Sensor Car 

1 -r\ 
! 1  

+e 1 -- A 
'4 ;II 



c 

c 

.- 
e> 

_ _  

Automatic Fill or Empty 
with High and Low Level 

' I " -  

Automatic Fill or Empty 

Automatic Fill or Empty 
with High or Low Level 

High or Low Level Switch 

45 



13. Product Specification Sheets for Flow Sensor and 
Flow Transmitter 



I 

0 

cdcnded 

mnge 

Compunioa 
fittings for 
VMOUS piping 

SIGNET 2535 Rotor-X tow Flaw Sensor 
k t i Q t i o n  Key Spificotianr 
The SIGNU 2535 Rocor-X low Flow 
Sensor Is Ideal for measuring flow in 
ptping systems wtth exmmeiy low 
udocttbs Ufiliing inssrtlon Repeatability: ;to 5% of II range 
paddlewheel technology, ha 2535 IS 
easy to instull and maintoin Temperature/Prwure - See chart on 

Fbw Range 0.3 IO 20 ft/s, 
0 1 kbm/s 
linsorih/. * 1 % of full ron e 

S u p h  Voltage 5 e 24 VDC 
a 

page 45 
The 2535 comblnos Hall EM sensing Output Open collector, sinkrng , 
w~th the advontages d Insertion Wedmaterm1 
paddlewheel technology. Thfr 
techd allow he 2535 to be used Rotor - Housin Polypropylana or PVDF 

Shaft - Tilonium (ophons wailable) 
Wing Vlton 

b F  
in low 2r ocltyappl~cations 

Ordering Information 

par, No. Housing Malwial 
3-2535-pO Polypropyiene 
3-25 3 9  1 Potypropyhe 
3-25 3 9 2  Potypropyha 
3-2535VO PVDF 
3-2535-V 1 W D F  
3-25 35.- WDF 

Pip Sim In.) 
05104 
s to a 
10-up 
O s l o 4  
5108 
1 0 - u p  

6 

L 1 I 



Ir0iU)ed 
adjusiubk 4 tu 
20 mA output 

3-85 10 
3851 1 

Aeusar~u: 3-8010 
3-80 lo0 
3801 1 
3-801 14) 
3-85 1 Opo 
3 85 lo91 
3-85 1 DVO 
3-65 1 1 .e0 
3-85 1 191 
3-851 I-W 

85 10 Flow Tm-iiibc Fw - wre) 
85 1 1 Row Trunsmtttbc (Fow - mre) 
Unlvcrsal Mvnl ing  kit INK ports] < ' 
Universol mounkng lut (DIN ports1 

- ' 
Intcgml mmHng  kit [NPr porb) 
\ntbg:al mntlng klt IDN ports) 
Integral sensu, 0 5 lo 4 in pipe - &pro 
Integral Sensor, 5 lo 6 in plpe - plypro 
Intqml msor, 0 5 lo 4 In plpe - WDF 
lntqral smsor, 0 5 to 4 In pipe - polypro (Law Flwl 
Integral sensor, 5 to 8 In plpe polypm [Low Flow) 
lntegrol sensor, 0.5 to 4 In plpe - W D F  (Low florvf 

Fluwmteand 
t o t u l i  dirptay 

%.I4 'L - 
z s  

GEf7 
I 

e l  
I 
~ 

Universal 
installation fw 
pipe or surfuce 
mounting 

I User-selectable 
I range and units 

F q u e n y  

remob 
instruments 

output fof 

, 3  @pL-FT-+ 
SIGNET 8510/8511 Compak UP 
Flow Tmnsmiffers / s"F - \%"F 

\ \\- i' +fl- 2F"c"' 
E&"r 1 

9 ,  

bdpf iOt l  S pbcificutions 
The SlGNFT 85 10/8511 Compok 

to 20 mA signal from o range d Signer 
ffowmruan SealedNEMA4X lsalatlon 
eledronics eliminate the n o d  for 
potentlorneten or test equipment 
baemal keys and display allow setup In 
minuten. The 851 0 can be spanned for 
any eXM range or engineering unit 
Universol mounnng hodware enoMes 
iashllation in virtually any apptkatlon 

0 loop Power. 10 10 30 VDC 

851 1. burwire 500 VDC loop \z 
D~splc~y Range 0 01 b 9999 
Tmlirrrs 0 to 99999999 

0 bop Acarmcy ~ 5 0  @ 
0 Input Frequency Range. 

8510 5f0500HZ 
8511: 5n10Kk 

Flow Transmitters prwtde on imloted 4 8510 twowire C r J  



2535 Gravity Feed Application 
Using gravity to dispense liquid is a 
common pradlce in industry to save 
energy and pumping costl In gravity 
feed ap IiartIons, flow VelOJties am 
low aJcontinue to drop depending on 
the level of the dapensing tank. 

The folbwin diagram illustratw the use 

plant 
of a gruvity B w d  system In a toxtile 

The 2535 is used with a SIGNET 9020 
Intelek-Pm Batch Controller to complete 
a botching syshm. A s e b r  switch is 
used to chhooss ha appopnote bnk hot 
&tOb,filbd 

I 04 10 '95 16 30 3K3 371 6727 
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SIGNET 85 10/85 1 1 Cornpak Flow Configurati 
Shndord Installation Rpe or Surfacs Installation 

Choose from a range of Signet 
ftow W W 8  Mounnng Kit 

Use tho SIGM 85 10 Campok 
Flow Tmnsmttter to mount dirrstt)y 
on Q panel Inonpowwed m m s )  

Use the SIGNR 851 1 Cornpak 
F h  Transmitter b mount directly 
on a pond ( p w d  msorsl 

Add he SlGNEP 801 0 Unwrsol 

Integml System 
Use the SIGNET 8510 01 851 1 
G m p k  Flow Transmitter 

Select o SIGNET 3-85 1 W% sensor for 
the 85 1 0 Tronsmitter, or o 3-85 1 1 X% 
sowr for the 85 1 i Transmitter 

U 

Select he SIGNET 801 1 lntegml 
Mountlng Kit 

J 



Flow Instatlation Guidelines 

Egum 2 In horirontul pipe 
runs with no otr pacbh or 
sediment present, mount he 
sww/fitttng In he 12 o'dak or 
6 o'clock pitm If sediment or 
air pockets ore present, tilt he 
sensor/fimng or a maximum angle 
of 45* to uverwmt these 
obstacles Y 

l ( 0  
1 

7 

Figure 1: flow sensors 
generally depend upon a 'fully 
developed turbulent flow rafrle' 
kr maximum lineantv an 8 
accuracy. To 0chie-k his, the 
wnm must be k t e d  in a 
stralght run of fpe upsheam and 
downstream or the sensor w ,E4 
Major obstruchons such as 
pumps or throttled wtvw will 
require longer straight runs 

Figure 3: The mart mmmon flow 
proflle found in industrial applications 
are hlly dewloped turbulent flow 
(required For Signet wnsors) The 
second type, distubd turbulent flow, 
is less rrtobls and octun when the 
Row is interrupted by u w k ,  elbow, 
or ohor ohstruchon To achieve a 
developed turbulent Flow, &r to the 
steps in Figure 1 The third typ, 

laminar fiw, occurs wlth hl hh/ 
VISCOW ff uids, or flu& d ing at wry 
low docthes The flow condition IS 
measured wih a R 

Reynolds number lower hon 2,000 
ore coruidcred laminor For a 
dbvsbpsd turbulent flow acceptable 
for Signet sensors, his number should 
be o h  4,500. 

okfs number 
Typically, Row con 7 ihons with o 

FL]t 10 '95 16 31 
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pH and Conductivity Sensor 
lnstullation Guidelines 

F ~ S U ~  1 : For proper sampling and 
increased life, the sensor should be 
$aced as fiar as p i t i c  from paint 
of reagent addition, and close to he 
exit d the tonk in submersible 
appli~~tions Flow mia past he 
e l d e  should be leu than 4 h/s 
for bulb and 5 h/s far  flat wrface 
conhgumioru 

allows for pH signol hansmtsnon up 
to 400 fr Keep ektrcde c h n  and 
d l  maln~lned for a l o n g ~  life 

Signet’s unique connection technology 
m o b  it easy to maintain Q clean, dry 
contact betmtn the probe ond pre 
amplifier. Contact surfaces should be 
promted from excessive expure to 
dirt or spray during installation and 
matntenance. Signet preamplihcation 

Figum 2: In order to 
maintain proper Flow of 
slectrotyie through the reference 
(unction, and to prevent air 
hrn affecting he measuring 
element, pH electrodes should 
be mounted vemcalh/ k30° 
Keep the electrode wet at all 
hmes Storage IS best in a KCL 
solution 

I 

Figum 3: For o standard 
threaded sensor, rnountmg with electrode Conouctrvtty stgnal 
flow tnlo the Sensor is 
recommended A four  o’clock 
installation porttion IS Ideal when 
the Sensor is used with Signet 
hmngs Tns electrode should be 
mounted to prevent air enkaprnent 
in the sensor In aerated tanks, a 
bafile may be needed Coatin5 
of the etectrodes will couse 
erroneous readings, so avoid oils 

from corning in confoct with ha  

transmission to 100 fr IS occeptobie 
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1 Min/Max GPM Values For SIGNET Insertion Sensors 

Minm 
Max- 

0 5  

0 75 

1 

125 

15 

2 

2.5 

3 

a 

5 

6 

0 

10 

12 

14 

16 

10 

The d u e s  provided In tho chon klow 
am for mduct commrison in xhedule 

The mintrnum/maximum gpm volues wlll 
dtffer depending on p i p  s~ze, schedule 

40 dl p i p  and pipe material. 

0 3  
10 

0.3 
s '9 

Q J  
34 

08 
5d 

14  
06 

1 9  
127 

3 2  
210 

4 5  
300 

7 
461 

' 42 ' 
794 

1% 
1 247 

27 
1801 

47 
31 19 

74 
491 5 

105 
6977 

127 
8432 

166 
11015 

210 
13962 

. 

43 
10 

3 2  
210 

4 5  .- 
300 * 

I 0 
7 
461 

12 
794 

19 
1247 

27 
1801 

0 
31 19 

74 
4915 

105 
6977 

1 27 
U 3 2  

I &  
1101s 

210 
13942 

b 

.. 

03 
10 

19 
127 

3 2  
210 

4 5  
300 

7 
a1 

12 
npd 

19 
1247 

27 
1801 

47 
31 19 

74 
4915 

105 
6977 

127 
8432 

166 
11015 

210 
13WZ 

1 
20 

1 
10 

17  
34 

'I-. : 2J 
: .'& 

I 

4 1  
94 

' trA 
' I 1 2 7  

10 b 
210 

I5 

24 
A 6 1  

I 794 

6 3  
1241 

91 
1801 

156 
31 19 

246 
4915 

3A9 
6977 

422 
8132 

55 1 
1101s 

698 
13942 

, ' 3 0 0  

' .' '40 
* - 1  , 

0 

e 

(-/f '' Fyxi 1Ei '95 16 32 383 371 6727 Dpy=m 
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Sensor/Indicaior Compatibility Matrix 

Iptnl 
X I  
x 1  
X i  
x IO 
x 10 
x 10 
x '0  
x 13 
x 900 
x 100 
x 100 
x loo 
x 100 

x '000 
x lOOc 
x 1m, 
x IMOC 

e .  
* -  
A 

0 

I -  

I 

I 

, 
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14. Design Calculations for Solar Panel and Battery 



021 8211 991 23: 43 383-452-951 9 PE e1 

UB 8olu BlmatrAu Gamrator for tho r r ~ a k y  r l a t r  project 

-8  &gust 14, 1995 

FAX: 303-443-1408 

~ t y  r a m n d a t i o n  for tho lraguaps i n  your dooumnt uador '2.3 Pou8r 

2,301 
lml fndfcatot, mad tbo lo& doteeaoa indicator. 
molar olactric qmnerator nod.1 #umber 8160-1Q7-24v, w i t h  voltago rmgulatroa, 
ongfawmd rab nmufaoturod by mmtm m r  xnc. 

*Lo te bo h t 8 l h d  oa a tw-inch lohodulo 40 m t r r l  pip. ( a t  lormt tmn f o r t  
long, m . K ) u r d  30 inch.# into tho ~rouad with coaeroto). 
g.nerrtor*8 battory mncLomu~o, the two r l w l l n .  xO6-1001  junction boxom, m d  
tbm flaw t r m d t t u  u o  to bo conamctd w i t b  1/2 inch r i g i d  galvraiaod meme1 
aoaduit througb uhich t& warbg uor~noutibna arm to be mado. 
cornneetion b e t m a  tho t r r P r n d  atr ip  io the 8 0 l U  elwtrio gmnorator, tho t w o  
Ilwlfaa LCO6-1001 junction bbX.8, and tho flow tranmmattrt am to  bo ma& 
Vitb Z!lDW 14 quag. viro. 

8Um&y,' $8 a8 f O l b ~ 1 ~ 8  

?ouu .upply aha11 k rhuod for t h o  flaw notor, tho high 
It r h r l l  cort.int of a 

~ h m  m o l u  oloctrrc gonotator 

Tho molar mlrctric 

The electrical 

Tb. fot t b h  8 y . m  iS U f 0 1 h l r 0  

Qlnorator modal8 8T60-2027-24V, vath voltagm regulation 
sit* lwrtloar moky ?lata, mu rmnvmr, Colorado 
po*rr r vqukanka  24 volt8 n d n a l ,  for 

(8)  flar trandttor oprmting at ,126 m i l i u r p m ,  
oontinuow 

(b) h q h  lorrl indicator opotatiag a t  .750 pllilarpa for 
up to 73 hoar@ i a  MY om &y, m u -  tuo &yr 
a -wok 

(e) 1 m J r  datetion iadicmtor operating at  ,250 U l L u p m  
for up to 23 hour8 in any one day, maximum on. day 
a waok 

lo mn op.rationt 11.5 day. 

mjor oqpnontma 
( 2 )  r o l u o x  -X-30 o o l u  olmotric panelm 
( 2 )  walod 901 battorzom, Orou 27 SLZO 

( 1 )  raal08ut. f o r  t h e  battarlom, h 8 U l a t 0 d r  w i t h  c h u g .  regulator 

( 1 )  Iwunaing h u d u u o  for tbe molar oloctrie panel 
~ 8 0 r 1 ~ ~ 1 0 0 U 8  wring rod aountrng h r r d v u r  

U-2 t b f 8  do08 LlOt h a l u d r  t h o  polo, .it- vork, or 

( 1 )  12 volt, 0 map chargm rrgu P rtor, w i t h  tomporaturo caupensrtion 

inmtallod rad vited 

Inata l la t ion  inmtructiona 

frutallatiao 

PRXUJ $1,972.17 ?OB OUT h k  

303 452 9519 



PE e2 

REMOTE Power, 

a1 graoratorr - rrauf~aturr for oaaarci.1 ufirm aontria only tho 
hisbrat qualaty, f i r l d  prorrn caaponents rpea~frarlly matohod t o  XUXLXILZ~ 
e u s a  or& 08pitrl  inmstmmt. 
SUUlUfaCtumr8 of  individual components, ~ a w t o  pouer warrantrmm it. generators 
to  porform am apmcffid for one f u l l  par (a  oatplmtm watbsr cyclr). 

Im addition to tho vrrrmtirm providod by thr 

Sf thoro i 8  anytbiag rlmr w umn do for pu, lot m knw. E i t h r r  I or 
oaginmorm can a a m r  rcay qur~tioam e i t h u  you or your cumtamor may ha-. 

(&>" 24 '95 le 49 

303 452 9519 



OLI UL/ A Y Y L  L J .  4d 303-452-9519 FEbclTEFa€R INC PAGE 03 

N d B d  PV SyatenuVoltaget 24 
P-r mymtcam typar. Dc Qystom with battory I NO maximum powr tracker 

Solar data and tamporature Location: DENVER, COLORAIX), U.S.A. 
L a t i t u d e  19 39t45 L o n g i t u d r  U104t48 tPevatian= 1625 (M) 
Azimuth - 0 Albedo - 20% 

Axray mounting = Fixed tilt Array 

- 0  - - - - - - W ARRAY DBSCRLPTI010 (ratings a t  25hC) -  - - - - - - - - - - 
Modulent Solarox, M X - 3 0  Total Modules = 2 

Serior m 2 Parallel - 1 Powerr 60 Poak Watt8 
Hax. power voltage- 34.2 Max. power current - 1 - 8  

%an ciruuit voltago- 42.2 Short circuit current - 1.9 
Khnatch loor(%)= 3 Dirt loaa(8)- 5 Wiring loom(%)- 2 

- - - - - = - - BATpBRlt SwSYSTEn ( r a t h g r  a t  254C) - - - - - - - - 
- w t O W t  P BATTZRY, 27 G8t Ancp-hr/ea - 98 Volte/ea * 12 
Seri.8 = 2 Parallel = 1 Total- 2 Ha%. month daily  DOD .I 12.524 

Total Amp-hrm.= 98 Battory Charge Bffieiencp = 95Q Weight= 57 xg 
equivalent to  11.73 days a t  highest monthly load to 80) DOD 

Global @ T f l t  Moan Cromm Array Net Load Defiait Array/Load 
Yonth kWh/)Im Tilt kwh/Ms &P A-hr/d A-hr/day A-hr/dap A-hr/d Sbc Ratio 

Jan 2-63 60 5.38 28.9 9.42 9.06 6.69 87-100 1.36 
reb 3 - 4 1  60 5.38 30.9 9.42 9.06 6e69 87-100 1.35 
Qr 5.07 60 6.67 38.5 11 68 11 - 2 8  6069 88-100 1 .69  
Rpr 6.02 60 6.03 48.7 10.55 10.17 6e69 88-100 1 .52  
Yay 6.96 60 5.66 57.2 9.91 9.51 6-69 88-100 1.42 
Jun 7.39 60 5.41 64.8 9-16 9.06 6.69 88-100 1.36 
Jul 7.33 60 5.58 72.9 9.77 9 * 3 4  6.69 88-100 1.40 
4ug 6.35 60  5.77 70.2 10.10 9.67 6.69 88-100 1.45 
h p  5-60 60 6.54 62.2 11.45 11.04 6.69 88-100 1.65 
k t  4-22 60 6.45 4g.l 11.29 IO .92 6 - 6 9  88-100 1 . 6 3  

2 .78 60 s.10 38.3 8.93 13.59 6.69 87-100 1.28 JW 

)ec 2.35  60 5.00 30.7 8-90 8.55 6.69 89-100 1.26 

----e --...- 0- ---- ---o-- ---. ..---o--- .-----oo ---...---- ------ I----- ------- 

J J W O ~ ~  array t o  load Amp-hr/&y r a t i o  18 1 . 2 8  

(A-ray Cromr: 254C, no lo8aam- Array Net: All losses and temperature offectm.) I J aut STOLLBR.668 Calculated by PVCAD 



15. Wind Loadings and Structural Calculations for 65- 
Gallon Drum Holder and Solar Panel 
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16. Product Specification Sheets for Vertical Drum Lifter 
and Drum Dollies 



DRUM’EQUIPMENT 

3 I FORK MOUNTED DRUM GRABS 

es drum lifts transports sets down and backs t ruck  away 
Wei ht of drum holds ab laws reventing slippage Mounts 
easify on forks of foraf t  All weyded construction Jaws are 
formed from rteel bar Safety orange enamel finish Wesco Mfg. 
WSS-Gallon Drum Grabs adjust easily without tools to handle 30 

diameter lilting eye 
top of four U4 x 1’ hot 
supports Safety lock 

EAGLE 

DRUM SAFETY 
STORAGE CABlNET 

t - - - ___I___ 

1 



DRUM3 EQUIPMENT- ,:= 4 
55-GALLON DRUM CRADLES g- ;; - 

DRU 
I 

1672 WHOLESALE PRICES-GRAINGER 

_ -  



I?. Product Specification Sheets for Flexible PVC Hose, 
Quick Disconnect Couplings, and Hose Clamps 



KANAFLEX PVC SUCTION & DISCHARGE HOSE 
Kanaflex is recognized as an industry leader in corrosion resistant hose products This suction and discharge hose is ideal -= 
in chemcal, salt water, sludge and in the (200 senes) food grade applications Its patented PVC helical coils make it crush 
resistant yet Provides a smooth bore so as not to ImDede flow -* * 

NOTE Specily Clear or Green 
1 spmal order 100 minimum ome' 2 Amiable in clear only (green avalable by quotanon) 



S E E  PART 
PRICE 
EACH 

. 
" 
d 

c 

I 

1 

4 

2 I CPP92OFL I 11 60 
3 I CPP43OR I 1880 

2 1 DPPMOR 1 1200 2 I EPPOPOFL 4 3 0  
3 1 DPP-OXFL 1 2000 3 EPP030FL I 9 0 0  

1-1R I FPP-OlSFL 410 
2 I FpP-02OF1. 430 , 

3 I FpP-030FL. 1100 . 
* 4  1 FPP-04OFL I 28 00 

run S t H V l C t  P L t A b t  GALL 1-800-877-HIPCO 

QUICK DISCONNECT CAM OPERATING COUPLINGS 
BLACK GLASS FILLED POLYPROPYLENE WITH EPT GASKETS STANDARD 

I 
I 
I 
1 
! 

f 
i 
I 

I ,  

1 
! 
3 

1 

FEMALE COUPLER x MPT 
PRICE 

PART EACH 
(IN) I NUMBER I ($1 
1R 1 APP-WSRI 220 1 1 1  

1-114 APP-OlPR 400 
BPP-OlOR 

1-114 I BPP-012FL 
BPP-Ol5FL 10.30 
BPP-02OFL 11 40 
BPP-030R 2040 

1-1R 1 APP-OlSFLI 400 
2 I APP-020Rl 580 

FEMALE COUPLER x HOSE FEMALE COUPLER x FPT MALE COUPLER x HOSE 
PRICE 

PART EACH 1 I NUMBER I (SI I .-, . .  

1R 1 CPP-OOSLF 1 650 
3 4  I CPP.oO7FL 1 650 

1R 1 DPP4OSR 1 6 50 
3/4 I DPP-007R I 6 50 

11-2 I EPPOOSFL I 280 , 

3/4 I EPP-W7FL I 280 11 
1-1R CPP41SR 1100 

1 1 DPP-OlOR 700 
1-114 I DPP-012FL 11 40 

11 30 

PART F PART DC 
FEMALE CAP MALE COUPLER x MPT MALE PLUG PART DP 

I 1 1 PART 1 I 
NUMBER 

PRICE 

3/4 IDCPPQO7FL 6 0 0  
630  DCPPdlOR 

I I-1R I m P o l s n T  l o s o  I 
DPPP-020FL I 

7 I DPPP-030FLi 8 3 0  

c, 6-28 



I i  I 

c 

B 

1 
I 
I 

1 

6-27 

POWER LOCK CLAMPS 21 
The Kanaflex 'Power Lock' clamps are designed to 
accompany Kanaflex Hose Senes 100, 155. and 180 

POWER LOCK CLAMP 

4 2 PLCPQZOKFI 993 <- 
2 1l2 PLCPQZSKFI 1033 

3 PLCP030KFI 1073 
4 PLCPOQOKFI 1275 
5 PLCPQSOKFI 1638 
6 I PLCP46OKFI 1825 
8 ! PLCP-OSOKFI 2818 

12 I PLCP-12OKFI 7030 
io 1 PLCPQ~OKF~ 5313 , 



18. Product Specification Sheets Hydrogen Peroxide 
and Purge Meter 



! 

0 1 / 2 1 / 1 9 9 5  18153 F R O R  Carlisle Cko~icalll T O  1 3 0 3 4 4 3 1 4 0 8  P 82  

mTH(UT( SU!'ETY DATA SHEET 

WT-961 
ProTrrat Tachnology Corporation 
14818 Weat 6 t h  Avenue, suite 1 2 ~  
Golden, Colorado 80401 

(303) 279-1904 D a b  PPepared: Pmbruary I, 1994 

SECTION 1 - PRODUC3! IDENTIFICATION 

TRADE N m :  WT-961 
Generic Namor W ; r t 4 ~ r f l o o d / D i S p O t z 8 1  Compound 
DOT Proper Shipping Nme: 
UN/NA Nuraber: None 
DOT Hazard Class: None 

Cleaning Compound NOS Class 55 

NfPA 7 0 4 1  Rating: 1 Health 2 Flammabilfty 0 Rorctivrty 0 Othor 
Q=Insignificant l=Slight 2-Hoderate 3=High 4-Extreme 

SECTION 2 - HA2ARDouS INGREDIENTS 
The cmpoeition o f  th is  mixture m y  be proprietary information. 
In the event of a medical emergenuy, oomporitional information will 
be provided to a phy8iCfan or nurse, This product is hazardous as 
definod i n  29 CFR1910.1200, based on the tollowmg compositional 
information. 

w 
111-4 6-6 

7 
D i e f h y l e n r  glycol 

Methanol 67-5 6- 1 
Isopropyl Alcohol 67- 6 3 -0 

Ethyl Alcohol 64-27-5 

- 
OSHA PEL; 
ACGIH TLV 
Flammable 
Inhalation i r r i t a n t ,  
flammable 
Inhalation irritant, 
flammable 

SECTION 3 - PHYSZCAL AND QCEWICAL PROPERTIES 

Boiling Point: 
spacifiu Gravity: 
Vapor Density: 
Percent Volatilrs by Volume: 
Appearanco and Mor: 

Freezing Point :  
Vapor Pressure at 20' C: 
Solubility in Water: 
Evaporatron Rate: 
Stability: 
Incompatibilfty: 

greater Man 200O F 
99 

NA 
appreczable 
Amber Liquid;  slight alcohol 
Od06 
-40 P 
NA 
soluble 
NA 
Stab18 
Strong oxidizing agents 

I 
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Hatardoru Polymerization: 
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will not occur 

P 83 

Condition8 to Avoid: Avoid hrat, spark8 8 d  opin 
flames. Avoid aantact w i t h  
strong oxidizing agents, 

Hazardous Combustion 
orDicompo8itionP~aduatst Carbonmanoxide, .maonia, carbon 

dioxide, nitrogan oxides, and 
unidentified organic compounds 
may be formed durrng combustion. 

NOTE: Them physiaal properties are typical  valuoe f o r  this 
produat 

S t c M O N  4 - HEALTEI XFFECTS INFOMATION 

EYE CONTACT: 

sIUN C O m c T :  
can cause severe irritation. 

Repeated or prolonged contact causes drying, brittlmr8s, 
cracking and irritation. Prolonged and repeated skin contact 
w i t h  methanol-soaked material has produced toxic effects 
including vision atfects and death. Low toxiaity t o  a n 1 1 ~ ~ 1 8  
by skin contact (ninimu lethal dose, monkeys: 1.6 g/kg). 

High vapor/aerorol concentrations (greater than a p p r o x h t r l y  
1000 ppm) aro irritating to tho eyrs and the respiratory 
t ract ,  may caw8 headaches, dizzinmss, anesthesia, drow~inr88, 
nauseaI unconsciousness, and other central nervous system 
effects, Hay c a u s e  narcosis. 

Towic , Causes headache, weakness, contusion, loss of 
c o o r d i n a t i o n ,  dizziness, d f f f l c u l t y v a l k r n g ,  nausea, vomiting, 
decreased blood preseura,  increased heart rate,  pulmonary 
edema, kidney failure, unconsciousness, convulsions, and comu. 
Symptoms may be delayed. 
SYPIPTOWS OF EXPOSURE: 
ACUTE: Exposure t o  4,000 - 23,000 ppau o f  methanol was fatal 
to human8 . 
CHRONIC: Exposure of 1,200 - 8 , 0 0 0  ppm of methanol f o r  four 
y e a r s  caused chronrc poisoning and dlrlnming of vision. 
HEDICAL CONDITIONS AGGRAVATED BY EXPOSURE: 
Rapeatod ovtrexposurr may aggravatr existing kidney dhease. 
Repeated overexposure may aggravate or enhance existing 
namous systom d y s f u n c t i o n  produced by di8orders known to 
cause H~LYOUS system effrcts o f  damage such as dlab.t.8, 
alcohol or drug abuse, and Parkin80n'S disease. 
~ e c a u s e  of rts defatting properties, prolonged and repeated 
6 k b  contact may aggravate an existing dermatztis (akin 
condition) . 

S-TION: 

INGESTION: 

Severe poisoning m y  cause death. 

2 UT-961 
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SECTION 5 - FIBST AID INFORMATION 
*d 

EYE CONTACT: 
Immdiately flu& w i t h  w a t e r  for at  least 15 minutes while ' 
holding oyelidm o m .  

Plush w i t h  larga amounts 02 water; use soap if available. 
Reaova grossly contaminated clothing, including Shoed, and 
launder before reus.. If irritation occur., get medical 
attention. 

Using proper respiratofy protection, immediately remove the 
affectmd victim from axpoaure, Admmistar artificial 
respiration if breathing i s  stopped. Keep a t  rest. C a l l  for 

I f  patient is conscious and can suallw, give two glasses of 
water (16 0 2 , ) ~  Induce vumiting as directed by mrdical 
permomel. Never give anything by mouth to an unconscious or 
convulsing person. 

NOTE TO PXYSXCIAN: Based on the 
individual reactions of the patient, the physician's judgment 
should be wed to control symptoms and clinical condition.  

-12 a physician at o n u ,  
SXIN CONTACT: 

X ~ T I O b I r  

- prompt xmdical attention, 
INGESTION: 

. 
No 8pocffic antidote fs known. 

NOTE TO PHYSICIAN: Probable mucosal damage may contraindicate the 
use o f  gastric lavage. l4aa~ures against circulatory shock, 
respiratory depression and convulsions may be needed. 

SECTION 6 - OCCUPATIONAL EXPOSVRE LIMITS 

Diethylrnr glycol  - TWA SO ppar (total) 

Methanol = TWA 200 ppm, STEL 250 ppm (skin) ACCIH/TLV 

10 q / m 7  (aerosol) 
AIHAIWEEL 

260 mg/m3, 310 mg/m3 ACGIH/TLV 
180prOpanOl TUA 400 pplnj STZL 500 p q  ACGIH/TLV 

985 mg/n 1230 = g / m  ACGIH/TLV 
Ethyl Alcohol - TWA 1000 pppl ACCIH/TLV 

1000 ppm OSHA PEL 

SECTION 7 - PHlsONAL PROTECTION EQUIPENT 

RESPIRATORY PROTECTIONr rrirbornr concentratione ehould be kept to 
lovest levels pO88ible. X i  vaporr mist or dust is generate,  use 
respirator appraved by %HA or NIOSH as appropriate. Supplied a u  
rarpiratory protection rhould be used for cleaning large apzlls or 
upon entry into tanks, V ~ S B C C ~ S ,  or other conflnsd spaces. 

VENTILATION: General ventilation i s  recommended. Additionally, 
l o c a l  exhaust ventilation LS rwommmded vhere vapora, mists or 

3 UT-961 
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aerosols may be released. 
PROTECTIVE EQUIPWPIT: Use ~ n n e a b l o  glove8 and chemical splash 
goggle5 when attaching feeing e t p d i ~ ~ t ,  doing maintenance or 
handling product. Example8 o f  impmrmeable glove8 available on the 
market are neoprurr, nitri le, PVC, natural rubber, viton and butyl 
(compatibility mtudiau have not been performed) 
Skin Protection; Worke8 lrhould wash axposed skin 8evaral times 
daily w i t h  moap and water. Soiled work clothing should br 
lmundrrrd or dry-chand. 

SECTION 8 - P m  AND lD6Ix)SIOW INFORHATION 

PLBsHPoINT: 110 Deg F. METHOD: TCC NOTE: M h b u m  

FUWUBLE LIMITS W AIR, by volume (methanol): 

fnwer: 
36.5 
5.5 

Uppsr: 

GENERA& HAZARD: 
Combuatiblr Liquid, can form combustible mixturos a t  
trPlperatures a t  or abovm the f l a s h p i n t .  
Static Dhcharge, material can accumulate static charger vhlch 
can cause an incurdiary electrical df8charge. 
aEauptyu containets retain product resfdue (liquid and/or 
vapor) and can b. dang-us. bo NOT PRESSUFtIZE, CUT, -8 

IGNITION; THEY HAY EXPLODE AND CAUSE INJURY OR D E A T H .  Empty 
druarri should ba completely drained, properly bunged and 
promptly returned t o  a drum reconditioner, or properly 
dispo8.d of. 

BRAZE, SOLDeR, DRILL, GRIND, OR EXPOSE S U a  CONTAINERS To 
HEAT, -8 sp-, STATIC ELECTRICITY, OR OTHER SOURCES OF 

FIRE FIGHTING: 
Use water spray to cool fire exposed surfacae and to protect 
personnol. 
Isolate ufuel” supply fram Lire. 
According to NFPA Guide, uea foatP, Ury chamical, or water 
spray t o  extinguish f i r e .  
Avoid spraying vattr  d i r e c t l y  into storage containers  due t o  
dangat of  boilover. 
This liquid is volatile and giver o f f  invisible vapors. 
Either the liquid or vapor may settle in low areas or travel 
some distance along the ground or  surface t o  ignition sources 
whrrr they may ignitr or explode. 
Firefighters must bo equipped t o  prevent breathing of vaporu 
or products of combustion. W e a r  an approved se l f  -contained 
breathing apparatus and protectivr clothmg. 

HAZARDOUS COMBUSTION PRODUCTS: 
Hay evolve NO% under f i r e  conditions. Containers exposed In 
a fare should k cooled w i t h  water to prevent vapor pressure 
buildup leading to a rupture. 

4 WT-961 
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SECTION 9 - RBhCTIVITY INFORKATION 

STABILITY : Gtablr 
HAZARDOUS POLYMEXIZATXON: W i l l  not occur 
CONDITIONS TO AVOID: Heat, spatks, flame. 
HAZARDOUS DLECOMPOSITION PRODWCTS: None 
INCONPATXBILITY: Avoid contact  with strong oxidizer8 (89. 
chiorhe, peroxides, chromatasI n i t r i c  a d d ,  perchlorates, 
concentrated oxygen, permanganates) which can generate heat, fires, 
explosions and th8 release of  t o x i c  fumes. 
TH- DECOMPOSITION PRODUCTS : I n  the event of COrnbU8tiOn COI 
NOx,  CO may be formed. Heating in air may produce irritating 
alduhyd&, acids, and ketones. Do not breathe smoke or fumes. 
W e a r  mitable protective quipment. 

, 

SECTION 10 - PRECAUTIONARY LABEL R3FOFMATfON 

WARNING: Hannful or fatal if swallowed. nay Causa kidney and 
nervous system daaage. Contains methanol. Hay cause blindness if 
swallowed. Causes irritatxon to d u n  *and eyes. Combu8tiblr. 
Prolongrd inhalation of vapor may be harmful. Do not get in eyes, 
on skin or on clothing. ~ a a r  goggles and race chi8ld vhan 
handling. Avoid prolonged or topelted braathifig of vapor. Ure 
with adequate ventilation. Do not take internally. Do not use, 
store, spill or pour near hut, sparks or ?pen flame. Wash 
thoroughly with soap and water after handling. Wash contaminated 
clothrng thoroughly before re-use. Discard contaminated leather 
clothing. KEEP OUT OF REAQl OF CHILDREN. Keep container closed 
when not in use. Ground all equipment to  prevent accumulatron of 
static charge. 

Empty containers may confain rtsLdua1 product. Do not reuse 
container unlocs properly reconditioned. 

SECTION 11 - SPILL AND DISPOSAL XNT’ORXATION 

SPILL CONTROL AND RECOVERY: 
Those responsible for  Control and recovery should wear protective 
equipment. I f  it is p o s s i b l e  to generate vapors or mists, a NIOSH 
approved respirator i s  recomnended. 
Eliminate 80urces of ignitLon. Prevent additional  discharge of 
material. 
Small liquid spills: Contain with absorbent material, such as 
c l a y ,  moil or any commercially avarlable absorbent, Shovel 
reclaimed liquld and absorbent Into recovery or salvage drums for 
disposal. 

Large liquid spills: Dike to prevent Zurther movement and r e c l u b  
i n t o  recovery or salvage drums or tank truck for d i s p o s a l .  

5 UT-961 
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prrvsnt liquid from mnt.ring sewers, watrrcourmaa, or low areus. 
Contain apilled liquid w i t h  sand or earth. Do not use combustible 
materials such as sauduut. 
RICOVSr by pumrping (u8r an explosion proof or hand pump) or with 
a suitable absorbent. 

Di8poaa ir\ accordance w i t h  local, state and f e d e r a l  r e g u l a t i o n s .  
Use qualified disposal company t o  incinerate, or otharwise discard, 
a t  an approved facility. 

DISPOSAL: I C  this product become. a waste, it maat. the criteria 
o f  a hatardour w a r t r  a8 driinrd under the Resource6 Conorrvatron 
and Recovery A c t  (RCRA) 40 CPR 261. Hazardous Waste 0001. 

As a hutardous liquid waste, it a u t  be sol idi f ied vfth stabilizing 
agents (ouch as sand, f l y  ash, or cement) so t h a t  no Zree liquid 
remains before dispo8al to a licensed industrial waste landfill 
(Hazalrdou8 Waste Treatment, Storage and Dirrpoeal faclllty). A 
hazardous liquid waste can also be deep-well injected Ln accordance 
with local, state, and fedoral regulations- 

. 
SEerIOlJ 12 - RZGUUTORY XHFORMAl'ION 

The following regulation. apply t o  this product: 

TOXIC SUBSTANCES CONTROL ACT ( T S C A ) :  
The chemical ingredients in this product are on the 8 (b) Invrntory 
List (40 CFR 710) .  

C E R C L A / S U P ~ D ,  40 CFR $17, 302: 
This product contains methanol, a Reportable Quantity (RQ) 
substance and if 24,000 pounds of product are released, it requires 
notification t o  the NATIONAL RESPONSE CENTER, WASHINGTON, D.C. (1- 
800-424-8802) . 
SARA/SUPERPUND A K E ? J D m S  AND REAOTHORIZATION A m  OF 1986 
(TITLE 111) - SECTIONS 302, 311, 312 M D  313: 

SECTION 302 - EXTR-Y HAZARDOUS SUBSTANCES ( 4 0  CFR 3 5 5 ) :  
This product does not contain ingredients listed i n  Appendix A and 
B as an Extremely Hazardous Subotancr. 

SECTION 311 and 312 - MATERIAL SAFETY DATA SHEET REQUIRPlENTS ( 4 0  
CFR 370) :  
our hazard evaluatzon has found this product to be hazardous. Ttre 
product 8hould be reported under the following EPA hazard 
categories: 

x xmrdiatm (acute)  
X Ihalayrd (chronic) 
X Fire hazard 

Suddrn rrlraor of - - RlaCtiV8 hazard 

health hazard 
health hazard 

proesure hazard 

6 WT-961 
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SECTION 313 - LIST OP TOXXC QIEHTCAI.8 (4U CFR 3 7 2 ) :  
This product containm tho following ingredient(.) ,  (with CAS # and I 

! I range) w h m h  appear(s) on the L f o t  of Toxic Chemicals. 
GQEnQm& SaSAL. 2iummS3 
Methanol 67 -56-1 16.0 

California hroposition 65: 
Thia product contain. no known chemfcala known to the State o f  
Cali fornia t o  causr cancu: or reproductive toxicity. 

~~ 

SECTION 13 - USER'S RESPONSIBILITY 

e 

Thio product material safety data sheet provides health and safety 
information. The product i s  to be used i n  applications consirtmnt 
with our product lftorature. Xndividuals handling this product 
ohould be informed of the reuommonded safety precaution. and should 
have sccaaa t o  this information. For any other uses, rxpasurss 
shoufd be evaluated 90 that appropriate handling practices and 
training prograrmi can bo established t o  unsur8 safe workplace 
op.rations. Pleaar conmltyour local -Mi, representative for any 
further information. 

SECTION 14 - DIS- - 

Some o f  the infomation presented and conclusions drawn herein are 
from sources other than direct test data on the product itself. 

The information in this MSDS vas obtained from sources vhrch we 
believe arc, raliabl8. Howoverl the information is provided without  
any warranty, express or implied, regarding its correctnee@. 

Tho conditions or methods of handling, storage, use and disposal 
of the product ar8 bmyond OUP control and may be beyond our 
knowledge. Por this and othrr  reusonc, we do not assume 
rerpon8ibility and eXpr8SSly d i s c l a i m  liability for 1068, damage 
or expense arising out of or in any way connected w i t h  the 
handling, storage, use or disposal o f  the product. 

This MSDS vas prepared and is t o  be used only for this product. 
rf the product is used an a component in another product, this MSDS 
informataon may not be applicable. 

This MSDS ha13 been prepared in accerdanca w i t h  the requirements of 
fhr OSHA Hazard commuhication Standard (29  CPR 1 2 0 0 ) .  

Date Prepared: Feb 1,  1994 

7 
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. 

Xnowladge o f  the khavfor  of microorganisms m w a t e r  is axtramrfy 
important, since thrlr prasencr can  cause corrosAon o r  pluggurg of 
q u f p r P u r t  or the injection uallbore. 

Corrosion problem mainly arise from the presence of sulfate- 
rduchg bacteria (SRB), 8lhe-fOming bacteria, iron-oxidizurg 
bacteria, acid-producing bacteria, and sonetinms other 
mircrLlan~ou8 organisms, urcludhg algae, sulfur b a c r t u i a ,  yeasts, 
and moZds- 

Bacteria, thr largest group of troublesone organisms, cause the 
most varied problems. They are usually classified u W8t.r  
t r a a m n t  by thr types of problem they cause: slime-formug 
bacteria, iron4epo8ftors, sulfate-reducers, and nitriLying 
bacteria. Each group has i t s  preferrmd environment and thrivrs u 
specific u e a e  of a v a t u  eyrtam, 

The re8son that bacteria can create so much trouble For UP 1s ttrat 
they can multiply w i t h  incredible speed. They can double their 
population in 20 minutes unde many conditions, which means that 
a single bacterium can become a thriving c o l o n y  o f  m i l l i o n s  ot  
bacteria h a vtry  faw hours. A handful of slum from a vatet may 
contain as many bacteria as there are people in  -8 world. 

Bacteria flourish under an extremely broad ranqr a f  conditions, 
although +hay grow best in the pH range o f  5 to 9 and at 
ttmpetatutes of  -18 to  8OoC. They also prefer fresh water, but can 
do nicely i n  brines. Bacteria have been found in packer t l u i d s  a t  
2500 m and in roil  in the High Arctic. 

until racantly, it wan believed that the anaerobic sRB caused the  
mnagorzty o f  the problems w i t h  respect to mrcrobioloqLca1 CorrosLon. 
A. a r e s u l t ,  most of  the research vas focused m thas aroa.  
H O Y I V ~ ~ ,  it is now apparrnt that facultatrve (bacteria that can 
grow i n  either the presence or absence of free oxygen) anaerobic 
organisns are as important as obligate (restricted to a particular 
envLtonmmt) ana8roblc Organisms. It i s  recognized that mixed 
populatrono of bacterra contained in a biofflm are the most 
damaging. As a baofih forms, aerobic organisms in the outer 
layers of the f i l m  create an anaerobrc  envsronment a t  the base or 
the film. T h m  aerobes, i n  t u r n ,  producm mrtabolatcs that increase 
the actrvftlas of the anaerobes. The biofalm's layered structure 
enables it t o  support vigorous growth Of a dlverse community of 
bacteria. The primary chall8nqe today is to establrsh methods to 
monitor sessile bacteria (bacteria that attach t o  a surface) as 
well. 

They are very hardy. 

ffi 17 '95 11 01 
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mPEs OF BACPEBU 

SuUatr  rdu-8 (Duultovibrio DesUlLVfourr) prohably caurr more 
M r i O U 8  p-bl- fn o f l f h l d  injection syrrtmms than any other b a c t u i a .  
Thry rad- aulfata ion8 in the w a t u  t o  rurride ions,  rrsulting in  HtS 
as a by-product, 

Sulfatr rmduafryi kotrrria l i v e  in groups or colonies on the p i p  w a l l ,  
end pi- oacur vhorawr thry residr, Bacteria find it rpuch r a o i u  to 
colonits on +ha pipe wall than in a moving strrarn o f  f l u i d .  Any time 
you find bactuia h the watw t h ~ o  means that there a18 many, many 
mor8 srcurmly attached t o  +he walls o f  the piping and tankage. 

Sulfate rducing bacteia  ar8 most 1i)tely to bo Found in stagnant or 
low velocity =mar ,  and beneath ecaler or 8ludges. Common places for 
bactarial activity in injection rysteos aro tanks, filters and thr rat 
hole in Injection and V a t u  oou~ca wells. 

Sulfate reducing bacteria am anarrobic h a t e r i a .  fIOw8Vw, they are 
quite capable of thriving fn oxygenates systems, providing that they 
can find 8oao 8cale or sludge t o  congregata undrr, H u e  they can .. usually ffnd a sufficiently olcygur-frre environment to live happy, 
healthy lives. Bacteria are very difficult to kill ff they are 
effectively shielded by scale or debri8. - 
Iron bact8rh dapo8ft a 8hrsth of  fer r ic  hydroxide around them a6 they 
grou. Thr k o n  is obtainrd from soluble lton ions in thr water. 
Examples of iron bacteria are Siderocap.a, GallLonella, Sphacrotilus 
and Crenothruc. They are classified as aerobic bacteria, although they 
can apparmtly grow wall w i t h  only trace amounts o f  oxygen. 

1 

I ron bacteria can cause both corrosion and plugging. Although they do 
not directly participate an the corrosion reaction, corrosion can 
result either from the activity o f  sulfate reducers under the hydroxide 
sheath or by the creation of an oxyg8n Concentration c e l l .  

Large numb- 02 iron bacteria can precrpftatr a sufficient quantity of 
farrfc hydroxide to cause 8evere plugging problems, 

Slime Lorming bacteria are a general Class of bacteria c a p a b l e  of 
producing dens8 masses o f  slime on solid surfaces. Examples are 
P18udom0na8, Plavobactarhs, Aerobacter, Escharichia, and Bacillus. 
They are magnificent pluggers and contribute to corrosion in the same 
ways as iron bacteria by shielding part  of the surface. Slime can be 
ucpected in aither brine or Fresh water systms, although they are nore 
conmon in w a t a r s  of low salrnrty. 

Slime forming bacteria may bm found LXI either aerobic or anaerobac 
mystom. HOYOVOP, Choy arm more generally a probhm rn aerobic syetsnrs, 

N ffi 17 '95 11-82 617 E#2 64@2 PFICE 010 
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A. &-fa 
1. S l h - f o d n g  brct.rfa Fora dense, sticky 8 l h O  w i t l a  

subo.quent fouling. Water flowo can 
bo fr0prd.d and promotion o f  otbrr 

3, xrondapociting bactaria ~auam t h m  oxidation and subsequent 
dopo8ition of hsolublr i r o n  from 

OgaXlisrP FQw+h OCCUrS. 

solubl. *on. 

3. Sulfate-reducing bacteria Ganoratr 8ulfid.s from sulfatea and 
CM causa H~ZOUS locallzmd 
corrosion. 

4,  Anaerobic corrodvr bacteria 
Create corrosfva localized 
environments by secretfng corrouive 
vaotaa They are always Found 
underneath other drpo8it8 in oxygen 
dcf icfent locations 

B. lzlagi 
Yeasts and moMs 

C. Algae 

Cause the degradation of wood i n  
contact w i t h  the watar system. Cause 
spots on paper products. 

G r o w  zn sunlit araas in dense fibrous 
mats, Can causr plugging o f  
diotributzan h o l u  on coolsng tower 
drcks or dense growths on reservoirs 
and avaporatton ponds. 

T O T R L  P 1 1  
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19. Product Specification Sheets for PVC Liner 



acr-u-33 ww 10:18 Colorado Lining Company FAX NO. 3038415780 P, 02 

Colorado Lining P h m :  (303) 841-2622 FUC (303) 8414780 

COMPANY 3062 Singing Hills Road, Padcer, Colorado 80134 

40 MIL PVC GEOM EMBRA NE LINER 
Typical 
Values 

39.545 

1280 

MD f20 
TD 115 

MO 500 
TD550 

MD 60 
TO 55 

MD 150 
TD ¶60 

Past 

Pass 

011 - 

040 

Required 
NSF 54 

40 

38 

1 20 

02 

350 

36 

10 

-20 

Less than 
5% 

0.35 

050 

Test Method 

ASTM 01593 

A5rMm 

m w w 2  

Method A 

ASTM 01004 
Om C 

AslM 01204 
2¶!PF, 15 mn 

AS” 0¶203 
Method A 

R c s k t r n a  to Sal B u d  
(94 &ango nmxunum n 
Ongrnd value) 

P u s  
Pass 
Pu% 

ASTM 0761 
Method A 

82 (170)’ 1 5 7  
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YL.A Ad 34 N W  I u * I c )  irolorado Lining Company FAX NO. 3038415780 P. 03 

P~ow:  (303) 841-2022 F a :  (303) 841-5780 

1062 Singing Hilb Road, Parker, Colorado 80134 

Colorado lining 
COMPANY 

EPARAnON GUIDE 

I. 

2. 

3. 

4. 

5. 

6 

7. 

0. 

9. 

YO 

Subgrade upon which liner Is to be placed must be smooth and free from sharp 
rocks, roots, vegetation, and other foreign materials. 

Dig anchor trench as shown on shop drawings or engineered drawings. Always 
take dirt to outside of trench. 

Sandbags are required to keep panels in place during installatton-minimum of 
25 bags per panel. 

Tools and equipment include: wiping rags, paint brushes 3" or 4", handling bar 
3" or 4" schedule 40110'. 6 ~ 1 ~ ~ 0 1 6 ,  l-gallon buckets. 

All PVC linen should be covered if extended life IS expected Side slopes 
should be no steeper than 3 ta 1. Matenal wll last up to 5 years exposed, 20 
years covered. 

Driving on liner Is permttted only with 12" dirt cover on lining. No sharp turns or 
excesswe speeds allowed. 

Structures, piping, concrete, drams, and any assoaated work should be 
completed prfor to lining installabon. 

Care should be taken to avoid wnnWes in the seam areas and-around 
mechanical attachments. 

Take tlme when unloading and placing rolls of lining to avoid damage. Verify 
locabon of sheet before unrolling and placement to avoid improper alignment. 

If problems or questions anse, contad Colorado hning Company far assistance, 
(303) 841-2022 O r  (800) 524-8672. 

l3 l0 lS 
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